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�U�D�]�P�M�H�Q�H���L�V�N�X�V�W�D�Y�D���]�Q�D�Q�V�W�Y�H�Q�L�N�D���L���V�W�U�X�þ�Q�M�D�N�D���N�R�M�L���V�H���X���V�Y�R�P���U�D�G�X���E�D�Y�H���S�U�R�E�O�H�P�D�W�L�N�R�P���]�D�ã�W�L�W�H�����N�R�U�L�ã�W�H�Q�M�D���L��
�R�þ�X�Y�D�Q�M�D���Y�R�G�Q�R�J���E�R�J�D�W�V�W�Y�D�����D�O�L���L���G�U�X�J�L�P���R�E�O�L�F�L�P�D���S�R�Y�H�]�D�Q�R�V�W�L���Y�R�G�H���L���þ�R�Y�M�H�N�D�����5�D�G���.�R�Q�I�H�U�H�Q�F�L�M�H���R�G�Y�L�M�D�R���V�H��
�N�U�R�]���X�V�P�H�Q�D���L���S�R�V�W�H�U�V�N�D���S�U�L�R�S�ü�H�Q�M�D���W�H���V�S�R�Q�]�R�U�L�U�D�Q�D���S�U�H�G�V�W�D�Y�O�M�D�Q�M�D���J�R�V�S�R�G�D�U�V�N�L�K���V�X�E�M�H�N�D�W�D�� 
 

Kon�I�H�U�H�Q�F�L�M�D�� �M�H�� �R�G�U�å�D�Q�D���X�� �R�U�J�D�Q�L�]�D�F�L�M�L�� �6�Y�H�X�þ�L�O�L�ã�W�D�� �-�R�V�L�S�D�� �-�X�U�M�D�� �6�W�U�R�V�V�P�D�\�H�U�D�� �X�� �2�V�L�M�H�N�X���� �3�U�H�K�U�D�P�E�H�Q�R-
�W�H�K�Q�R�O�R�ã�N�R�J�� �I�D�N�X�O�W�H�W�D�� �2�V�L�M�H�N�� �L�� �*�U�D�ÿ�H�Y�L�Q�V�N�R�J�� �L�� �D�U�K�L�W�H�N�W�R�Q�V�N�R�J�� �I�D�N�X�O�W�H�W�D�� �2�V�L�M�H�N�� �W�H�� �+�U�Y�D�W�V�N�H�� �J�R�V�S�R�G�D�U�V�N�H��
komore, Hrvatskih voda - Vodnogospodarskog odjela za Dunav i donju Dravu, Hrvatske komore 
zdravstvenih radnika - �6�W�U�X�N�R�Y�Q�R�J���U�D�]�U�H�G�D���]�D���G�M�H�O�D�W�Q�R�V�W���V�D�Q�L�W�D�U�Q�R�J���L�Q�å�H�Q�M�H�U�V�W�Y�D�����)�D�N�X�O�W�H�W�D���D�J�U�R�E�L�R�W�H�K�Q�L�þ�N�L�K��
�]�Q�D�Q�R�V�W�L�� �2�V�L�M�H�N���� �2�G�M�H�O�D�� �]�D�� �E�L�R�O�R�J�L�M�X�� �6�Y�H�X�þ�L�O�L�ã�W�D�� �-�R�V�L�S�D�� �-�X�U�M�D�� �6�W�U�R�V�V�P�D�\�H�U�D�� �X�� �2�V�L�M�H�N�X���� �2�G�M�H�O�D�� �]�D�� �N�H�P�L�M�X��
�6�Y�H�X�þ�L�O�L�ã�W�D�� �-�R�V�L�S�D�� �-�X�U�M�D�� �6�W�U�R�V�V�P�D�\�H�U�D�� �X�� �2�V�L�M�H�N�X���� �8�Q�L�Y�H�U�]�L�W�H�W�D�� �X�� �%�L�K�D�ü�X���� �$�J�U�R�Q�R�P�V�N�R�J�� �L�� �S�U�H�K�U�D�P�E�H�Q�R-
�W�H�K�Q�R�O�R�ã�N�R�J�� �I�D�N�X�O�W�H�W�D�� �6�Y�H�X�þ�L�O�L�ã�W�D�� �X�� �0�R�V�W�D�U�X���� �)�D�N�X�O�W�H�W�D�� �]�G�U�D�Y�V�W�Y�H�Q�L�K�� �V�W�X�G�L�M�D�� �8�Q�L�Y�H�U�]�L�W�H�W�D�� �X�� �6�D�U�D�M�H�Y�X����
Prehrambeno-�E�L�R�W�H�K�Q�R�O�R�ã�N�R�J���I�D�N�X�O�W�H�W�D���6�Y�H�X�þ�L�O�L�ã�W�D���X���=�D�J�U�H�E�X�����7�H�K�Q�R�O�R�ã�N�R�J���I�D�N�X�O�W�H�W�D���7�X�]�O�D���8�Q�L�Y�H�U�]�L�W�H�W�D���X��
�7�X�]�O�L���� �7�H�K�Q�R�O�R�ã�N�R�J�� �L�� �P�H�W�D�O�X�U�ã�N�R�J�� �I�D�N�X�O�W�H�W�D�� �6�N�R�S�M�H�� �8�Q�L�Y�H�U�]�L�W�H�W�D�� �X�� �6�N�R�S�M�X�� Zdravstvenog fakulteta 
�8�Q�L�Y�H�U�]�L�W�H�W�D���X���/�M�X�E�O�M�D�Q�L�����+�U�Y�D�W�V�N�R�J���G�U�X�ã�W�Y�D���]�D���]�D�ã�W�L�W�X���Y�R�G�D�����-�D�Y�Q�H���X�V�W�D�Q�R�Y�H���3�D�U�N���S�U�L�U�R�G�H���.�R�S�D�þ�N�L���U�L�W�����-�D�Y�Q�H��
�X�V�W�D�Q�R�Y�H�� �$�J�H�Q�F�L�M�D�� �]�D�� �X�S�U�D�Y�O�M�D�Q�M�H�� �]�D�ã�W�L�ü�H�Q�L�P�� �S�U�L�U�R�G�Q�L�P�� �Y�U�L�M�H�G�Q�R�V�W�L�P�D�� �Q�D�� �S�R�G�U�X�þ�M�X�� �2�V�M�H�þ�N�R-baranjske 
�å�X�S�D�Q�L�M�H���� �=�D�Y�R�G�D�� �]�D�� �M�D�Y�Q�R���]�G�U�D�Y�V�W�Y�R�� �2�V�M�H�þ�N�R-�E�D�U�D�Q�M�V�N�H�� �å�X�S�D�Q�L�M�H���� �'�R�P�D�� �]�G�U�D�Y�O�M�D�� �2�V�L�M�H�N���� 
tvrtke Vodovod-Osijek d.o.o. �W�H�� �8�G�U�X�J�H�� �E�L�Y�ã�L�K�� �V�W�X�G�H�Q�D�W�D�� �L�� �S�U�L�M�D�W�H�O�M�D�� �3�U�H�K�U�D�P�E�H�Q�R-�W�H�K�Q�R�O�R�ã�N�R�J�� �I�D�N�X�O�W�H�W�D��
Osijek - TehnOS. 
 

�0�H�ÿ�X�Q�D�U�R�G�Q�L�� �V�X�R�U�J�D�Q�L�]�D�W�R�U�L�� ������m�H�ÿ�X�Q�D�U�R�G�Q�H�� �N�R�Q�I�H�U�H�Q�F�L�M�H�� �9�2�'�$��ZA SVE bili su �0�H�ÿ�X�Q�D�U�R�G�Q�D��
�I�H�G�H�U�D�F�L�M�D���]�D���]�G�U�D�Y�V�W�Y�H�Q�X���H�N�R�O�R�J�L�M�X�����,�)�(�+�������(�X�U�R�S�V�N�R���X�G�U�X�å�H�Q�M�H���]�D���K�L�J�L�M�H�Q�V�N�R���L�Q�å�H�Q�M�H�U�V�W�Y�R���L���G�L�]�D�M�Q��
���(�+�(�'�*�����W�H���0�U�H�å�D���]�D�ã�W�L�ü�H�Q�L�K���S�D�U�N�R�Y�D���S�U�L�U�R�G�H���U�L�M�H�N�H���'�X�Q�D�Y�����'�D�Q�X�E�H���3�D�U�N�V���� 
 

�6�U�H�G�L�ã�Q�M�D���W�H�P�D���6�Y�M�H�W�V�N�R�J���G�D�Q�D���Y�R�G�D���������������J�R�G�L�Q�H i 8. m�H�ÿ�X�Q�D�U�R�G�Q�H konferencije VODA ZA SVE bila je 
Voda za sve. Nikoga ne smijemo ostaviti po strani, svi trebamo vodu!. 
 

Na 8. m�H�ÿ�X�Q�D�U�R�G�Q�R�M�� �N�R�Q�I�H�U�H�Q�F�L�M�L�� �9�2�'�$�� �=�$�� �6�9�(, 359 autora iz 10 zemalja (Hrvatska, Bosne i 
�+�H�U�F�H�J�R�Y�L�Q�D���� �6�U�E�L�M�D���� �&�U�Q�D�� �*�R�U�D���� �6�O�R�Y�H�Q�L�M�D���� �.�R�V�R�Y�R���� �7�X�U�V�N�D���� �1�R�U�Y�H�ã�N�D���� �0�H�N�V�L�N�R�� �L�� �%�U�D�]�L�O���� �S�U�H�]�H�Q�W�L�U�D�O�R�� �M�H��
�X�N�X�S�Q�R�����������U�D�G�R�Y�D�����R�G���N�R�M�L�K���M�H���������U�D�G���S�U�H�]�H�Q�W�L�U�D�Q���X�V�P�H�Q�R�����D���������U�D�G���X���R�E�O�L�N�X���S�R�V�W�H�U�V�N�H���S�U�H�]�H�Q�W�D�F�L�M�H�����6�D�å�H�W�F�L��
�Q�D�Y�H�G�H�Q�L�K���U�D�G�R�Y�D���R�W�L�V�Q�X�W�L���V�X���X���.�Q�M�L�]�L���V�D�å�H�W�D�N�D��������m�H�ÿ�X�Q�D�U�R�G�Q�H konferencije VODA ZA SVE. 
 

Znanstveni odbor 8. m�H�ÿ�X�Q�D�U�R�G�Q�H�� �N�R�Q�I�H�U�H�Q�F�L�M�H�� �9�2�'�$�� �=�$�� �6�9�(, u cilju objave prezentiranih 
radova, primio je 35 cjelovitih radova, od kojih je 17 radova postalo dijelom ovog Zbornika, dok je 
������ �U�D�G�R�Y�D�� �S�U�L�K�Y�D�ü�H�Q�R�� �]�D�� �R�E�M�D�Y�O�M�L�Y�D�Q�M�H�� �X�� �V�O�M�H�G�H�ü�L�P�� �P�H�ÿ�X�Q�D�U�R�G�Q�L�P�� �]�Q�D�Q�V�W�Y�H�Q�L�P���þ�D�V�R�S�L�V�L�P�D����
Electronic Journal of the Faculty of Civil Engineering Osijek - e-GFOS, Croatian Journal of Food 
Science and Technology, Technologica Acta, The Holistic Approach to Environment i 
Environmental Engineering - �,�Q�å�H�Q�M�H�U�V�W�Y�R���2�N�R�O�L�ã�D. 
 

Poseban doprinos kvaliteti Zbornika radova 8. m�H�ÿ�X�Q�D�U�R�G�Q�H�� �N�R�Q�I�H�U�H�Q�F�L�M�H�� �9�2�'�$�� �=�$�� �6�9�(�� �G�D�O�R���M�H��
������ �U�H�F�H�Q�]�H�Q�D�W�D���� �X�J�O�D�Y�Q�R�P�� �V�Y�H�X�þ�L�O�L�ã�Q�L�K�� �S�U�R�I�H�V�R�U�D�� �L�� �V�W�U�X�þ�Q�M�D�N�D���� �L�]�� ������ �]�H�P�D�O�M�D�� �V���Y�L�ã�H�� �R�G�� �G�Y�D�G�H�V�H�W��
�P�H�ÿ�X�Q�D�U�R�G�Q�L�K���V�Y�H�X�þ�L�O�L�ã�W�D�����I�D�N�X�O�W�H�W�D���L���L�Q�V�W�L�W�X�F�L�M�D�� 
 

U ime Organizacijskog i Znanstvenog odbora 8. m�H�ÿ�X�Q�D�U�R�G�Q�H�� �N�R�Q�I�H�U�H�Q�F�L�M�H�� �9�2�'�$�� �=�$�� �6�9�(�� �V�U�G�D�þ�Q�R��
zahvaljujem svim autorima, sudionicima, recenzentima i sponzorima na sudjelovanju u radu  
8. m�H�ÿ�X�Q�D�Uodne konferencije VODA ZA SVE. 
 
 
 
 

Predsjednica Organizacijskog i Znanstvenog odbora Konferencije 

 
izv. prof. dr. sc. Mirna Habuda-�6�W�D�Q�L�ü 



Preface 
 
The 8th International Conference WATER FOR ALL was held on the 21th and 22th March 2019 in 
Osijek, on Faculty of Civil Engineering and Architecture Osijek on the occasion of World Water 
Day and with the aim of gathering and exchanging experiences of scientists and experts in the 
field of water management, environmental protection and preservation of water resources. The 
Conference included plenary lectures, oral lectures, poster presentations, and the presentations of 
sponsoring companies. 
 

8th International Conference WATER FOR ALL was organized by the Josip Juraj Strossmayer 
University of Osijek, Faculty of Food Technology Osijek and Faculty of Civil Engineering and 
Architecture Osijek, Croatian Chamber of Economy, Croatian Water - VGO, Croatian Chamber of 
Health Professionals, Croatian Water Pollution Control Society, Faculty of Agrobiotechnical 
Sciences Osijek, Department of Biology of the Josip Juraj Strossmayer University of Osijek, Department of 
Chemistry of the Josip Juraj Strossmayer University of Osijek, �8�Q�L�Y�H�U�V�L�W�\���R�I���%�L�K�D�ü����Faculty of Agriculture 
and Food Technology University of Mostar, Faculty of Health Studies University of Sarajevo,  
Faculty of Food Technology and Biotechnology University of Zagreb, Faculty of Technology University of 
Tuzla, Faculty of Technology and Metallurgy University of Skopje, Faculty of Health Sciences 
University of Ljubljana, �1�D�W�X�U�H�� �3�D�U�N�� �³�.�R�S�D�þ�N�L�� �U�L�W�´���� �3�X�E�O�L�F�� �,nstitution for nature protection in Osijek-
Baranja County, Public Health Institute of the Osijek-Baranja County, Health Center Osijek,  
Vodovod-Osijek d.o.o. and Alumni Association of former students and friends of the Faculty of Food 
Technology Osijek - TehnOS. 
 

The international co-organizers of the Conference were International Federation of Environmental 
Health (IFEH), European Hygienic Engineering & Design Group (EHEDG) and Danube Parks. 
 

The theme of World Water Day 2019 and 8th International Conference WATER FOR ALL was 
Water for all �± Leaving no one behind!. 
 

At the 8th International Conference WATER FOR ALL participated 359 authors from 10 countries 
(Croatia, Bosnia and Herzegovina, Serbia, Montenegro, Slovenia, Republic of Kosovo, Turkey, Norway, 
Mexico and Brazil) with presentation of in total 112 paper, from which of them 41 were presented orally, 
and were presented 71 as poster presentation. Abstract of the mentioned papers were published in the Book 
of Abstracts of the 8th International Conference WATER FOR A LL. 
 

The Scientific Committee of 8th International Conference WATER FOR ALL received 35 full papers 
for publication and 17 of them became the part of the this Proceedings, while 18 papers were 
accepted and publicated in following international scientific journals: Electronic Journal of the 
Faculty of Civil Engineering Osijek - e-GFOS, Croatian Journal of Food Science and Technology, 
Technologica Acta, The Holistic Approach to Environment and Environmental Engineering - 
�,�Q�å�H�Q�M�H�U�V�W�Y�R���2�N�R�O�L�ã�D. 
 

Special contributions to the quality of this Proceedings of the 8th International Conference WATER 
FOR ALL were given by 49 reviewers, mostly university professors and professionals, from 10 
countries and over twenty international universities, faculties and institutions. 
 

On behalf of the Organizing and Scientific Committee of the 8th International Conference WATER 
FOR ALL we cordially thank all the authors, participants, reviewers and sponsors for their contribution to 
the quality of the 8th International Conference WATER FOR ALL. 
 
 
 
 

Chairperson of the Organizing and Scientific Committee  
of the Conference 

 
Mirna Habuda-�6�W�D�Q�L�ü�����3�K�'�����$�V�V�R�F�L�D�W�H���3�U�R�I�H�V�V�R�U 



Proslovi recenzenata/Reviewers prefaces 
 
 
�G�R�F�����G�U�����V�F�����7�R�P�L�V�O�D�Y���%�R�J�G�D�Q�R�Y�L�ü 
 
�9�R�G�D���M�H���L�]�Y�R�U���å�L�Y�R�W�D���Q�D���=�H�P�O�M�L���L���P�R�å�G�D���Q�D�M�Y�D�å�Q�L�M�L���N�H�P�L�M�V�N�L���V�S�R�M���N�R�M�L���W�D�M���å�L�Y�R�W���R�P�R�J�X�ü�X�M�H�����1�L�ã�W�D���V�P�R��
bez vode, ona to smo mi. Pa ipak, �Q�D�ã���R�G�Q�R�V���S�U�H�P�D���W�R�M���U�H�O�D�W�L�Y�Q�R���M�H�G�Q�R�V�W�D�Y�Q�R�M���P�R�O�H�N�X�O�L�� �W�R�O�L�N�R���M�H���X��
�E�U�R�M�Q�L�P�� �V�O�X�þ�D�M�H�Y�L�P�D�� �E�L�]�D�U�D�Q�� �G�D�� �M�H�� �S�U�D�Y�R�� �þ�X�G�R�� �N�D�N�R�� �M�X�� �X�R�S�ü�H�� �Q�D�O�D�]�L�P�R�� �Q�D�� �=�H�P�O�M�L�� �X�� �M�R�ã�� �X�Y�L�M�H�N��
neizmijenjenim uvjetima. 
 
Hrvatska je po dostupnosti i bogatstvu pitke vode na samome europskom vrhu �L���L�P�D���Q�D�M�Y�L�ã�H���]�D�O�L�K�D��
vode po glavi stanovnika u Europskoj uniji (s prosjekom od 27.330 m3 po stanovniku). 
�5�D�V�S�R�O�D�å�H�P�R���V���������P�O�G�����P3 vode, a 90 % vodoopskrbe osigurava se iz zaliha podzemnih voda. 
 
�9�R�G�D���V�H���J�R�W�R�Y�R���N�D�U�L�]�P�D�W�L�þ�Q�R���X�S�O�H�O�D�� �X�� �K�L�G�U�R�J�U�D�I�L�M�X�� �V�W�L�K�R�Y�D�� �Q�D�ã�H���K�L�P�Q�H�����R�G���'�X�Q�D�Y�D���G�R���V�L�Q�M�H�J�� �P�R�U�D��
�N�U�R�]�� �V�Y�H�� �G�L�P�H�Q�]�L�M�H�� �L�� �å�L�Y�R�W�Q�H�� �V�U�H�G�L�Q�H���� �6�W�R�J�D�� �M�H�� �]�Q�D�þ�D�M�� �L�V�W�U�D�å�L�Y�D�Q�M�D�� �S�U�R�E�O�H�P�D�W�L�N�H�� �Y�H�]�D�Q�H�� �X�]�� �Y�R�G�X�� �X��
objavljenim radovima te njihovim rezultatima upravo neprocjenjiv. 
 
�8�� �S�R�Q�X�ÿ�H�Q�R�P�� �P�R�]�D�L�N�X�� �W�H�P�D�� �V�Y�D�W�N�R�� �M�H�� �R�G�� �D�X�W�R�U�D�� �S�U�R�Q�D�ã�D�R�� �V�Yoju intimnu poveznicu spram vode. 
�ý�L�S�N�D���U�D�G�R�Y�D���N�R�M�L���V�X���S�U�L�N�D�]�D�Q�L���X���R�Y�R�P���]�E�R�U�Q�L�N�X���M�D�V�Q�R���Q�D�P���X�V�P�M�H�U�D�Y�D���S�X�W���N�R�M�L�P���]�Q�D�Q�V�W�Y�H�Q�D���M�D�Y�Q�R�V�W��
�X�� �R�Y�L�P�� �E�U�H�P�H�Q�L�W�L�P�� �Y�U�H�P�H�Q�L�P�D�� �W�U�D�å�L�� �L�� �Q�D�O�D�]�L�� �R�G�J�R�Y�R�U�H�� �Q�D�� �L�]�D�]�R�Y�H�� �R�N�R�O�L�ã�Q�H�� �S�U�R�E�O�H�P�D�W�L�N�H����
�S�R�O�M�R�S�U�L�Y�U�H�G�Q�L�K���L���Y�R�G�H�Q�L�K���U�H�V�X�U�V�D�����R�G�U�å�Lvog razvoja, gospodarenja otpadom. 
 
�6�W�R�J�D�� �Q�L�M�H�� �V�O�X�þ�D�M�Q�R�� �G�D�� �V�H�� �X�S�U�D�Y�R�� �X�� �J�R�G�L�Q�L�� �N�D�G�D�� �S�O�D�Q�V�N�L�� �X�V�P�M�H�U�D�Y�D�P�R�� �X�O�D�J�D�Q�M�D�� �X�� �M�D�Y�Q�H�� �V�X�V�W�D�Y�H����
�H�Q�H�U�J�H�W�L�N�X�� �L�� �Y�R�G�Q�R�� �J�R�V�S�R�G�D�U�V�W�Y�R�� �V�W�Y�R�U�L�O�D�� �N�U�L�W�L�þ�Q�D�� �P�D�V�D�� �S�R�]�L�W�L�Y�Q�L�K�� �]�Q�D�Q�V�W�Y�H�Q�L�K�� �S�U�R�P�L�ã�O�M�D�Q�M�D�� �V�D��
�]�D�M�H�G�Q�L�þ�N�L�P�� �S�U�H�G�]�Q�D�N�R�P�� �Y�R�G�H���� �2�Q�D���M�H�� �þ�X�G�H�V�Q�R���R�E�M�H�G�L�Q�L�O�D���V�Y�D�� �]�Q�D�Q�V�W�Y�H�Q�D�� �S�R�G�U�X�þ�M�D���� �S�R�O�M�D���� �J�U�D�Q�H�� �X��
�M�H�G�Q�X�� �]�D�M�H�G�Q�L�þ�N�X�� �S�U�L�þ�X�� �R�� �Q�M�H�Q�R�P�� �R�S�V�W�D�Q�N�X���� �G�R�N�� �V�H�� �P�X�O�W�L�G�L�V�F�L�S�O�L�Q�D�U�Q�L�� �S�U�L�V�W�X�S�� �S�U�R�Y�O�D�þ�L�� �N�D�R�� �M�H�G�L�Q�D��
�P�R�J�X�ü�D���Y�R�G�L�O�M�D���X���R�þ�X�Y�D�Q�M�X���]�G�U�D�Y�O�M�D���Q�D�ã�H���3�O�D�Y�H���S�O�D�Q�H�W�H�� 
 
�3�R�V�H�E�Q�R���]�D�G�R�Y�R�O�M�V�W�Y�R���L�� �þ�D�V�W���E�L�O�D���P�L�� �M�H�� �ã�W�R �V�D�P�� �N�U�R�]�� �X�U�H�G�Q�L�þ�N�X�� �U�H�F�H�Q�]�L�M�X�� �L�P�D�R���S�U�L�O�L�N�H�� �V�X�G�M�H�O�R�Y�D�W�L�� �X��
�X�U�H�ÿ�H�Q�M�X���G�R�V�W�D�Y�O�M�H�Q�L�K���U�X�N�R�S�L�V�D�����L���X�S�U�D�Y�R���Q�D���M�H�G�D�Q���W�D�N�R���]�Q�D�þ�D�M�D�Q���G�D�W�X�P���N�D�R���ã�W�R���M�H���W�R�����������O�L�S�Q�M�D���N�R�M�H�J��
�R�E�L�O�M�H�å�D�Y�D�P�R�� �N�D�R�� �P�H�ÿ�X�Q�D�U�R�G�Q�L�� �'�D�Q�� �'�X�Q�D�Y�D�� �E�L�W�L�� �V�X�G�L�R�Q�L�N�R�P�� �N�R�Q�I�H�U�H�Q�F�L�M�H�� �R�� �Y�R�G�L�� �N�U�R�]�� �]�D�M�H�G�Q�L�þ�N�L��
motiv - VODA ZA SVE. On nas je objedinio na mitskom mjestu sljubljivanja Dunava i Drave, na 
�U�X�E�X�� �3�D�U�N�D�� �S�U�L�U�R�G�H�� �.�R�S�D�þ�N�L�� �U�L�W�� �L�� �V�� �F�L�O�M�H�P�� �G�D�� �Y�R�G�X���± �W�H�P�H�O�M�Q�R�� �O�M�X�G�V�N�R�� �S�U�D�Y�R�� �V�D�þ�X�Y�D�P�R�� �N�D�R�� �]�D�O�R�J��
�R�S�V�W�D�Q�N�D���å�L�Y�R�W�D���Q�D���=�H�P�O�M�L�� 



�7�R�P�L�V�O�D�Y���%�R�J�G�D�Q�R�Y�L�ü�����3�K�'�����D�V�V�L�V�W�D�Q�W���S�U�R�I�H�V�V�R�U 
 
Water is the source of life on Earth and, perhaps, the most important chemical compound that 
makes this life possible. We are nothing without water, she is us. Yet our relationship to this 
relatively simple molecule is so bizarre in many cases that it is a wonder how we find it on Earth at 
all in still-unchanged conditions. 
 
Croatia, as a country, is highly ranked in Europe in terms of availability of drinking water and has 
the highest percentage of water supply per capita in the European Union (with an average of 
27,330 m3 per capita). We have 26 billion of m3 of water, and 90% of water supply is provided from 
groundwater reserves. 
 
Water is almost charismatically involved in the hydrography of the verses of our hymn, from the 
Danube to the blue Croatian sea through all dimensions and environments. Therefore, the 
importance of the research results in the areas of all water issues published in the papers of this 
Proceedings is priceless. 
 
In the offered mosaic of themes, each of the authors found their own intimate connection to water. 
The lace of the papers presented in this Proceedings clearly directs the way in which the scientific 
public in these difficult times seeks and finds answers to the challenges of environmental issues, 
agricultural and water resources, sustainable development, waste management. 
 
Therefore, it is no coincidence that in the year when we systematically direct investments in public 
systems, energy and water management, a critical mass of positive scientific considerations with a 
common sign of water was created. It has miraculously united all scientific fields, fields, branches 
into one common story of its survival, while a multidisciplinary approach is emerging as the only 
possible guide in preserving the health of our Blue Planet. 
 
It was a special pleasure and honor for me to have the opportunity to participate in the editing of 
the submitted manuscripts through an editorial review, and to be a participant in the Conference on 
such an important date as June 29, which we mark as International Danube Day united in the aim �± 
WATER FOR ALL. He united us at the mythical place where the Danube and the Drava meet, on 
�W�K�H�� �H�G�J�H�� �R�I�� �W�K�H�� �.�R�S�D�þ�N�L�� �U�L�W�� �1�D�W�X�U�H�� �3�D�U�N�� �D�Q�G�� �Z�L�W�K�� �W�K�H�� �D�L�P�� �R�I�� �S�U�H�V�H�U�Y�L�Q�J�� �Z�D�W�H�U��- a fundamental 
human right as a pledge of the survival of life on Earth. 



�S�U�R�I�����G�U�����V�F�����0�L�U�M�D�Q�D���ý�X�U�O�L�Q 
 
�3�U�H�J�O�H�G�Q�R�� �L�]�O�R�å�H�Q�L�� �]�Q�D�Q�V�W�Y�H�Q�L���� �V�W�U�X�þ�Q�L�� �L�� �S�U�H�J�O�H�G�Q�L�� �U�D�G�R�Y�L�� �R�G�� �V�W�U�D�Q�H�� �D�X�W�R�U�D���� �V�D�G�U�å�D�Q�L�� �X�� �]�E�R�U�Q�L�N�X��
�U�D�G�R�Y�D�� �V�� �P�H�ÿ�X�Q�D�U�R�G�Q�H�� �N�R�Q�I�H�U�H�Q�F�L�M�H�� �9�2�'�$�� �=�$�� �6�9�(�� �S�R�G�� �X�U�H�G�Q�L�þ�N�R�P�� �S�D�O�L�F�R�P�� �L�]�Y���� �S�U�R�I���� �G�U���� �V�F����
Mirne Habuda Stani�ü���� �X�Y�R�G�H�� �þ�L�W�D�W�H�O�M�D�� �X�� �S�R�G�U�X�þ�M�H�� �Y�H�]�D�Q�R�� �]�D�� �V�Y�H�� �D�V�S�H�N�W�H�� �Y�R�G�H�� �V�� �S�R�J�O�H�G�R�P�� �L�]��
�U�D�]�O�L�þ�L�W�L�K���S�H�U�V�S�H�N�W�L�Y�D���R�G�Q�R�V�Q�R���U�D�]�O�L�þ�L�W�L�K���S�R�G�U�X�þ�M�D���]�Q�D�Q�R�V�W�L�� 
 
�,�]�O�R�å�H�Q�L�� �U�D�G�R�Y�L�� �R�P�R�J�X�ü�D�Y�D�M�X�� �þ�L�W�D�W�H�O�M�L�P�D�� �V�W�M�H�F�D�Q�M�H�� �]�Q�D�Q�V�W�Y�H�Q�R�� �V�W�U�X�þ�Q�L�K�� �V�S�R�]�Q�D�M�D�� �R�� �X�W�M�H�F�D�M�X�� �Y�R�G�Q�L�K��
resursa na poljoprivredu, �R�� �Q�R�Y�L�M�L�P�� �G�R�V�W�L�J�Q�X�ü�L�P�D�� �X�� �W�H�K�Q�R�O�R�J�L�M�L�� �R�E�U�D�G�H�� �Y�R�G�H�� �]�D�� �S�L�ü�H�� �L�� �R�E�U�D�G�L��
otpadnih voda te o zbrinjavanju mulja iz postrojenja za obradu voda. Nadalje kroz prikazane radove 
�L�V�W�D�N�Q�X�W�D�� �M�H�� �Y�D�å�Q�R�V�W�� �X�S�U�D�Y�O�M�D�Q�M�D�� �Y�R�G�D�P�D�� �N�D�R�� �L�� �P�R�Q�L�W�R�U�L�Q�J�� �N�D�N�Y�R�ü�H�� �Y�R�G�H���� �ý�L�W�D�W�H�O�M�L��su upoznati s 
�Q�D�S�U�H�G�Q�L�P���P�H�W�R�G�D�P�D���]�D���R�G�U�H�ÿ�L�Y�D�Q�M�H���I�L�]�L�N�D�O�Q�R���N�H�P�L�M�V�N�L�K���L���E�L�R�O�R�ã�N�L�K���S�D�U�D�P�H�W�D�U�D�����S�U�L�P�M�H�Q�L���Q�D�S�U�H�G�Q�L�K��
�P�D�W�H�P�D�W�L�þ�N�R�� �V�W�D�W�L�V�W�L�þ�N�L�K�� �P�H�W�R�G�D�� �]�D�� �E�R�O�M�H�� �U�D�]�X�P�L�M�H�Y�D�Q�M�H�� �R�G�Q�R�V�D�� �P�H�ÿ�X�� �S�U�R�P�D�W�U�D�Q�L�P�� �S�D�U�D�P�H�W�U�L�P�D����
�N�D�R���L���]�D�G�Q�M�D�����D�O�L���Q�H���P�D�Q�M�H���Y�D�å�Q�D���W�H�P�D�����X�W�M�H�F�D�M�D���Y�R�G�H��na zdravlje. 
 
�3�U�L�N�D�]�D�Q�L�� �ã�L�U�R�N�L�� �U�D�V�S�R�Q�� �W�H�P�D�� �X�� �R�Y�R�P�� �]�E�R�U�Q�L�N�X�� �E�L�R�� �M�H�� �P�R�J�X�ü�� �V�D�P�R�� �L�Q�W�H�U�G�L�V�F�L�S�O�L�Q�D�U�Q�L�P�� �S�U�L�V�W�X�S�R�P��
�R�G�Q�R�V�Q�R���X�N�O�M�X�þ�L�Y�D�Q�M�H�P���X���R�Y�X���S�U�R�E�O�H�P�D�W�L�N�X���]�Q�D�Q�V�W�Y�H�Q�L�N�D���L���V�W�U�X�þ�Q�M�D�N�D���L�]���E�U�R�M�Q�L�K���S�R�G�U�X�þ�M�D���]�Q�D�Q�R�V�W�L����
�S�U�L�U�R�G�Q�L�K�����W�H�K�Q�L�þ�N�L�K�����E�L�R�W�H�K�Q�L�þ�N�L�K���L���E�L�R�P�H�G�L�F�L�Q�V�N�L�K���W�H���G�U�X�ã�W�Y�H�Q�L�K���]�Q�D�Q�R�V�W�L�����ã�W�R���M�H���L���R�V�L�J�X�U�D�O�D���R�G�U�å�D�Q�D��
�N�R�Q�I�H�U�H�Q�F�L�M�D���� �6�Y�L�� �R�Q�L�� �X�� �V�N�O�R�S�X�� �G�Y�R�G�Q�H�Y�Q�R�J�� �G�U�X�å�H�Q�M�D���� �V�Y�D�N�L�� �V�D�� �V�Y�R�J�� �D�V�S�H�N�W�D���� �G�D�O�L�� �V�X���� �Q�H�� �P�D�O�L����
�G�R�S�U�L�Q�R�V�� �U�M�H�ã�D�Y�D�Q�M�X�� �S�U�R�E�O�H�P�D�� �X�� �S�R�G�U�X�þ�M�X�� �Y�R�G�H���� �=�D�� �U�D�]�X�P�L�M�H�Y�D�Q�M�H�� �R�Y�H�� �S�U�R�E�O�H�P�D�W�L�N�H�� �Q�H�R�S�K�R�G�D�Q�� �M�H��
integrirani pristup �N�R�M�L�� �S�U�H�G�V�W�D�Y�O�M�D�� �V�L�Q�H�U�J�L�M�X�� �V�Y�L�K�� �Q�D�Y�H�G�H�Q�L�K�� �S�R�G�U�X�þ�M�D�� �]�Q�D�Q�R�V�W�L���� �N�R�M�H�� �Q�D�P�� �S�U�X�å�D�M�X��
�V�S�R�V�R�E�Q�R�V�W�� �U�D�]�X�P�L�M�H�Y�D�Q�M�D�� �S�U�L�U�R�G�Q�R�J�� �R�N�U�X�å�H�Q�M�D���� �W�H�K�Q�L�þ�N�X�� �X�G�R�E�Q�R�V�W�� �V�X�Y�U�H�P�H�Q�H�� �F�L�Y�L�O�L�]�D�F�L�M�H����
�U�D�]�X�P�L�M�H�Y�D�Q�M�D�� �V�D�P�R�J�D�� �V�H�E�H�� �L�� �G�U�X�ã�W�Y�H�Q�L�K�� �R�G�Q�R�V�H�� �X�� �N�R�M�L�P�D�� �å�L�Y�L�P�R���� �6�� �R�E�]�L�U�R�P�� �Q�D�� �W�R���� �D�� �L�P�D�M�X�ü�L u 
rukama zbornik radova vidimo da samo interdisciplinarni i integrirani pogled na problematiku voda 
�P�R�å�H���S�R�Q�X�G�L�W�L���R�G�U�å�L�Y�H���P�R�G�H�O�H���U�D�]�Y�R�M�D���N�R�M�L�P�D���G�D�Q�D�V���W�H�å�L�P�R�����8�]�L�P�D�M�X�ü�L���X���R�E�]�L�U���R�Y�H���D�V�S�H�N�W�H���Q�D���R�Y�R�M��
�N�R�Q�I�H�U�H�Q�F�L�M�L���� �S�U�H�]�H�Q�W�D�F�L�M�R�P�� �Q�R�Y�L�K�� �]�Q�D�Q�V�W�Y�H�Q�L�K���� �W�H�K�Q�R�O�R�ã�N�L�K�� �W�H�R�U�L�M�V�N�L�K�� �L�� �S�U�D�N�W�L�þ�Q�L�K�� �]�Q�D�Q�M�D�� �L��
�G�R�V�W�L�J�Q�X�ü�D�� �X�� �S�R�G�U�X�þ�M�X�� �]�D�ã�W�L�W�H�� �Y�R�G�D�� �S�U�R�ã�L�U�H�Q�D�� �V�X�� �S�R�V�W�R�M�H�ü�D�� �L�� �V�W�H�þ�H�Q�D�� �Q�R�Y�D�� �]�Q�D�Q�M�D�� �Q�H�R�S�K�R�G�Q�D�� �]�D��
�R�G�U�å�L�Y�L�� �U�D�]�Y�R�M���� �1�D�G�D�O�M�H�� �Y�D�O�M�D�� �L�V�W�D�N�Q�X�W�L�� �S�R�V�W�L�]�D�Q�M�H�� �U�D�]�P�M�H�Q�H�� �]�Q�D�Q�M�D�� �L�� �L�V�N�X�V�W�D�Y�D�� �W�H�� �V�X�U�D�G�Q�M�X�� �L�]�P�H�ÿ�X��
�]�Q�D�Q�V�W�Y�H�Q�L�N�D�� �L�]�� �U�D�]�O�L�þ�L�W�L�K�� �S�R�G�U�X�þ�M�D�� �]�Q�D�Q�R�V�W�L�� �N�R�M�D�� �ü�H�� �U�H�]�X�O�W�L�U�D�W�L�� �Q�D�V�W�D�Y�N�R�P�� �Q�D�ã�H�J�� �U�D�G�D�� �Q�D�� �R�Y�R�M��
�S�U�R�E�O�H�P�D�W�L�F�L���S�D���P�R�å�H�P�R���U�H�ü�L���G�D���R�Y�R���Q�L�M�H���]�D�Y�U�ã�H�W�D�N���Q�H�J�R���S�R�þ�H�W�D�N���Q�R�Y�R�J���L�Q�W�H�J�U�L�U�D�Q�R�J���S�U�R�P�L�ã�O�M�D�Q�M�D���R��
�Y�R�G�L�� �N�D�R�� �Y�D�å�Q�R�P�� �å�L�Y�R�W�Q�R�P���� �J�R�V�S�R�G�D�U�V�N�R�P���� �G�U�X�ã�W�Y�H�Q�R�P�� �L�� �W�H�K�Q�R�O�R�ã�N�R�P�� �U�H�V�X�U�V�X�� �N�R�M�H�P�X�� �V�Y�L�� �V�N�X�S�D��
moramo �S�R�V�Y�H�W�L�� �Y�L�ã�H�� �S�R�]�R�U�Q�R�V�W�L���� �%�L�O�R�� �N�D�R�� �U�H�V�X�U�V���� �å�L�Y�R�W�Q�D�� �S�R�W�U�H�E�D�� �L�O�L�� �N�D�R�� �G�L�R�� �S�U�L�U�R�G�H���� �Y�R�G�D�� �M�H��
�]�Q�D�þ�D�M�D�Q�� �H�O�H�P�H�Q�W�� �X�� �Q�D�ã�H�P�� �V�Y�D�N�R�G�Q�H�Y�Q�R�P�� �å�L�Y�R�W�X���� �Q�H�]�D�P�M�H�Q�M�L�Y�� �U�H�V�X�U�V�� �N�R�M�L�� �M�H�� �Q�D�å�D�O�R�V�W�� �M�R�ã�� �X�Y�L�M�H�N��
�Q�H�U�D�Y�Q�R�P�M�H�U�Q�R���U�D�V�S�R�U�H�ÿ�H�Q�����S�D���M�H���P�Q�R�J�L�P�D���Q�H�G�R�V�W�X�S�D�Q���L�O�L���W�H�ã�N�R���G�R�V�W�X�S�D�Q�� 
 
Hrv�D�W�V�N�D���M�H���M�H�G�Q�D���R�G���U�L�M�H�W�N�L�K���G�U�å�D�Y�D���X���V�Y�L�M�H�W�X���N�R�M�D���]�D���K�L�J�L�M�H�Q�V�N�H���S�R�W�U�H�E�H���V�Y�R�M�H�J���V�W�D�Q�R�Y�Q�L�ã�W�Y�D���N�R�U�L�V�W�L��
�S�L�W�N�X�� �Y�R�G�X���� �5�D�]�O�R�J�� �W�R�P�H�� �O�H�å�L�� �X�� �E�R�J�D�W�V�W�Y�X�� �+�U�Y�D�W�V�N�H�� �L�]�Y�R�U�L�ã�W�L�P�D�� �S�L�W�N�H�� �Y�R�G�H���� �D�O�L�� �Q�H�� �E�X�G�H�P�R�� �O�L�� �Y�R�G�L��
posvetili pozornost u smislu, najprije razumijevanja problema�W�L�N�H���Y�R�G�D�����H�G�X�N�D�F�L�M�H���þ�L�W�D�Y�H���S�R�S�X�O�D�F�L�M�H��
�R���Y�D�å�Q�R�V�W�L���R�þ�X�Y�D�Q�M�D���Y�R�G�Q�L�K���U�H�V�X�U�V�D�������Q�M�L�K�R�Y�H���]�D�ã�W�L�W�H���L���S�D�P�H�W�Q�R�J���U�D�V�S�R�O�D�J�D�Q�M�D���ã�W�R���R�Y�D���N�R�Q�I�H�U�H�Q�F�L�M�D���L��
�]�E�R�U�Q�L�N�� �V�Y�D�N�D�N�R�� �þ�L�Q�H���� �]�D�O�L�K�H�� �Y�R�G�H�� �P�R�J�O�H�� �E�L�� �V�H�� �R�Q�H�þ�L�V�W�L�W�L�� �L���L�O�L�� �S�U�H�V�X�ã�L�W�L���� �D�� �E�X�G�X�ü�D�� �S�R�N�R�O�M�H�Q�M�D�� �S�O�D�W�L�W�L��
visoku cijenu n�D�ã�H�J���Q�H�P�D�U�D���� �6�D�P�L�P���W�L�P�H���� �N�U�L�O�D�W�L�F�D�� �³�9�2�'�$�� �=�$�� �6�9�(�´���M�R�ã���X�Y�L�M�H�N���Q�L�M�H���G�R�V�W�L�J�O�D�� �V�Y�R�M��
�S�X�Q�L���R�E�X�M�D�P���L���Q�H�N�D���Q�D�P���V�Y�L�P�D���E�X�G�H���P�L�V�D�R���Y�R�G�L�O�M�D���X���Q�D�ã�H�P���E�X�G�X�ü�H�P���]�Q�D�Q�V�W�Y�H�Q�R�P���L���V�W�U�X�þ�Q�R�P���U�D�G�X��
�G�D�� �V�Y�R�M�L�P�� �G�M�H�O�R�Y�D�Q�M�H�P�� �]�D�L�V�W�D�� �G�R�S�U�L�Q�H�V�H�P�R�� �Q�D�V�W�R�M�D�Q�M�X�� �G�D�� �þ�L�V�W�D���� �]�G�U�D�Y�D�� �L�� �S�L�W�N�D�� �Y�R�G�D�� �E�X�Ge svima na 
raspolaganju. 



�0�L�U�M�D�Q�D���ý�X�U�O�L�Q�����3�K�'�����I�X�O�O���S�U�R�I�H�V�V�R�U 
 
Clearly presented scientific, professional, and review papers by the authors contained in the 
proceedings of the International Conference WATER FOR ALL under the editorship of  
prof. dr. sc. Mir�Q�D�� �+�D�E�X�G�D�� �6�W�D�Q�L�ü�� �L�Q�W�U�R�G�X�F�H�V�� �W�K�H�� �U�H�D�G�H�U�� �W�R�� �D�O�O�� �D�V�S�H�F�W�V�� �R�I�� �Z�D�W�H�U�� �Z�L�W�K�� �D�� �Y�L�H�Z�� �I�U�R�P��
different perspectives or different fields of science. 
 
The presented papers enable readers to gain scientific and professional knowledge about the impact 
of water resources on agriculture, recent achievements in the technology of drinking water 
treatment and wastewater treatment, and sludge disposal from water treatment plants. 
Furthermore, through the presented papers, the importance of water management and water quality 
monitoring was emphasized. Readers are introduced to advanced methods for determining 
physicochemical and biological parameters, the application of advanced mathematical and 
statistical methods to better understand the relationship between the observed parameters, as well 
as the last, but no less important topic, the impact of water on health. 
 
The wide range of topics presented in this proceedings was possible only through an 
interdisciplinary approach - the involvement of scientists and experts from many fields of science: 
natural, technical, biotechnical, and biomedical and social sciences, which was encouraged at the 
conference. All of them, as part of the two-day gathering, each from their own aspect, gave, not a 
small, contribution to solving problems in the field of water. To understand this issue, we need an 
integrated approach that represents the synergy of all these fields of science, which allows us to 
understand the natural environment, technical comfort of modern civilization, understanding 
ourselves, and the social relations in which we live. Given this, and having a proceedings in our 
hands, we see that only an interdisciplinary and integrated view of water issues can offer 
sustainable development models that we strive for today. Taking into account these aspects at this 
conference, the presentation of new scientific, technological, theoretical, and practical knowledge 
and achievements in the field of water protection expanded the existing and acquired new 
knowledge necessary for sustainable development. Furthermore, it is worth emphasizing the 
exchange of knowledge and experience and cooperation between scientists from different fields of 
science that will result in the continuation of our work on this issue, so we can say that this is not 
the end but the beginning of new integrated thinking about water as an important life, economic, 
social and technological resource to which we all need to pay more attention together. Whether as a 
resource, a necessity of life, or as a part of nature, water is a significant element in our daily lives, 
an irreplaceable resource that is unfortunately still unevenly distributed, making it inaccessible or 
difficult for many to access. 
 
Croatia is one of the few countries in the world that uses drinking water for the hygienic needs of its 
population. The reason for this lies in Croatia's wealth of drinking water sources. Despite, as the 
conference and proceedings suggest, if we do not pay attention to water in terms of, first 
understanding the water problem, educating the entire population about the importance of 
conserving water resources, their protection, and smart management, water sources could end up 
polluted or dried up, leaving the high debt to the future generations because of our negligence. 
Therefore, the motto "WATER FOR ALL" has not yet reached its full scope. It should guided us in 
our future scientific and professional work in order tocontribute to the effort to make clean, healthy, 
and drinkable water available to all. 



�S�U�R�I�����G�U�����V�F�����-�D�V�Q�D���â�R�ã�W�D�U�L�ü 
 
�2���Y�D�å�Q�R�V�W�L �Y�R�G�H���P�Q�R�J�R���M�H���]�D�S�L�V�D���L���Q�H�X�S�L�W�Q�D���M�H���Q�M�H�Q�D���Y�D�å�Q�R�V�W���]�D���å�L�Y�R�W���V�Y�L�K���R�E�O�L�N�D���å�L�Y�R�W�D���Q�D���=�H�P�O�M�L����
�.�D�N�R���M�H���Q�H�W�N�R���U�H�N�D�R���G�D���W�H�N���R�Q�G�D���N�D�G���V�H���E�X�Q�D�U���R�V�X�ã�L�����W�H�N���W�D�G�D���]�Q�D�P�R���N�R�O�L�N�R���Y�U�L�M�H�G�L���Y�R�G�D�����6�W�R�J�D�����Y�R�G�X��
�W�U�H�E�D���S�R�þ�H�W�L���F�L�M�H�Q�L�W�L���S�U�L�M�H���Q�R���ã�W�R���E�X�Q�D�U���S�U�R�V�X�ã�L�� 
 
�.�D�R�� �ã�W�R�� �V�X�� �S�R�G�]�H�P�Q�H�� �Y�R�G�H���� �Q�H�Y�L�G�O�M�L�Y�H�� �R�N�R�P���� �D�� �Y�U�O�R�� �P�R�ü�Q�H�� �L�� �Y�D�å�Q�H���� �W�D�N�R�� �V�X�� �L�� �]�Q�D�Q�V�W�Y�H�Q�L�F�L�� �L��
�V�W�U�X�þ�Q�M�D�F�L�� �G�L�V�N�U�H�W�Q�L���� �P�D�U�O�M�L�Y�L�� �L�� �V�W�U�X�þ�Q�L���� �V�Y�R�M�� �S�R�V�D�R�� �N�R�M�L�� �Q�L�M�H�� �Y�L�G�O�M�L�Y�� �R�E�L�þ�Q�R�P�� �þ�R�Y�M�H�N�X���� �R�E�D�Y�L�O�L�� �X��
laboratorijima i institutima i svojim radovima na 8. m�H�ÿ�X�Q�D�U�R�G�Q�R�M�� �N�R�Q�I�H�U�H�Q�F�L�M�L��VODA ZA SVE 
���������������G�D�O�L���]�Q�D�þ�D�M�D�Q���G�R�S�U�L�Q�R�V���V�W�U�X�F�L�� 
 
�9�H�O�L�N�X���Y�D�å�Q�R�V�W���X���S�R�L�P�D�Q�M�X���Y�U�L�M�H�G�Q�R�V�W�L���Y�R�G�H���L�P�D���H�G�X�N�D�F�L�M�D�����G�D���E�L���V�Y�L���V�K�Y�D�W�L�O�L���G�D���Y�R�G�D���Q�L�M�H���Q�H�L�V�F�U�S�Q�L��
�L�]�Y�R�U���� �Y�H�ü�� �G�D�� �W�U�H�E�D�P�R�� �Y�U�O�R�� �V�D�Y�M�H�V�Q�R�� �å�L�Y�M�H�W�L�� �V�� �Q�M�R�P���� �8�� �W�R�P�� �V�Y�M�H�W�O�X���� �]�E�R�U�Q�L�N�� �U�D�G�R�Y�D�� �S�U�X�å�D�� �Y�U�O�R��
kvalitetne radove �X���G�R�P�H�Q�L���W�H�K�Q�R�O�R�ã�N�R�J���S�U�R�þ�L�ã�ü�D�Y�D�Q�M�D���Y�R�G�H�����R�E�U�D�Q�H���R�G���S�R�S�O�D�Y�D�����P�M�H�U�H�Q�M�D�����N�D�N�Y�R�ü�L��
vode, geotermalnih voda, primjena u navodnjavanju, sponu vode-hrane-energije-zdravlja. 
 
�5�D�G�R�Y�L�� �X�� �]�E�R�U�Q�L�N�X�� �L�P�D�W�� �ü�H�� �]�Q�D�þ�D�M�Q�X�� �Y�U�L�M�H�G�Q�R�V�W�� �X�� �Q�H�N�R�P�� �Y�U�H�P�H�Q�V�N�R�P�� �R�G�P�D�N�X�� ���]�D�� �������� ������ �L�O�L�� ���� 
�J�R�G�L�Q�D�����G�R���N�D�G�D���ü�H���]�D�V�L�J�X�U�Q�R���W�H�K�Q�R�O�R�J�L�M�D���]�Q�D�W�Q�R���Q�D�S�U�H�G�R�Y�D�W�L�����N�D�G�D���ü�H���P�R�ü�L���S�U�X�å�L�W�L���X�Y�L�G���V�D���N�D�N�Y�L�P��
�V�X�� �V�H���S�U�R�E�O�H�P�L�P�D���L���U�M�H�ã�H�Q�M�L�P�D���V�H�� �X������-�W�L�P�� �J�R�G�L�Q�D�P�D���;�;�,�����V�W�R�O�M�H�ü�H���V�X�V�U�H�W�D�O�L���V�W�U�X�þ�Q�M�D�F�L���N�R�M�L���V�H���E�D�Y�L��
problemom vode. 



�-�D�V�Q�D���â�R�ã�W�D�U�L�ü�����3�K�'�����I�X�O�O���S�U�R�I�H�V�V�R�U 
 
There are many documents about the unquestionable importance of water for all life forms on 
Earth. As someone said, only when the well dries, we do know how much water is worth. Therefore, 
water should be appreciated before the well dries. 
 
Just as groundwater, invisible to the eye, and very powerful and important, so scientists and 
experts, discreet, diligent and professional, have done their work invisible to the common man in 
laboratories and institutes and their papers presented at the 8th International Conference WATER 
FOR ALL (2019) made a significant contribution to the profession. 
 
Education is of great importance in understanding the value of water, so that everyone understands 
that water is not an inexhaustible source, but that we need to live with it very conscientiously. In 
this light, the Proceedings of papers provides high-quality works in the field of technological water 
purification, flood protection, measurement, water quality, geothermal water, application in 
irrigation, water-food-energy-health connection. 
 
The papers in the Proceedings will have significant value in the following period of time (for 10, 20 
or 30 years) when technology will certainly advance significantly, when it will be able/possible to 
provide insight into what problems and solutions are in the 20s XXI. century met by experts dealing 
with the problem of water. 
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1�9�L�Q�N�R�Y�D�þ�N�L���9�R�G�R�Y�R�G���L���N�D�Q�D�O�L�]�D�F�L�M�D���G���R���R�������'�U�D�J�X�W�L�Q�D���ä�D�Q�L�ü�D- Karle 47a, 32100 Vinkovci, Hrvatska 
2�9�H�O�H�X�þ�L�O�L�ã�W�H���³�/�D�Y�R�V�O�D�Y���5�X�å�L�þ�N�D�´���X���9�X�N�R�Y�D�U�X�����ä�X�S�D�Q�L�M�V�N�D����������32000 Vukovar, Hrvatska 

�V�W�U�X�þ�Q�L���U�D�G 
S�D�å�H�W�D�N 

 
�9�R�G�R�Q�R�V�Q�L�F�L���Q�D���S�R�G�U�X�þ�M�X���L�V�W�R�þ�Q�H���6�O�D�Y�R�Q�L�M�H�����S�U�L�S�D�G�D�M�X���D�O�X�Y�L�M�D�O�Q�L�P���Q�D�V�O�D�J�D�P�D���U�L�M�H�N�H���%�R�V�Q�H�����X���N�R�M�L�P�D��
�V�H���Q�D�O�D�]�L���F�U�S�L�O�L�ã�W�H���Ä�,�V�W�R�þ�Q�D���6�O�D�Y�R�Q�L�M�D�³���6�L�N�L�U�H�Y�F�L�����8���U�D�G�X���V�H���G�H�I�L�Q�L�U�D���J�H�R�J�U�D�I�V�N�D���S�R�Y�U�ã�L�Q�D���Y�R�G�R�Q�R�V�Q�R�J��
horizonta Velika Kopanica te analizira krovina pokrovne n�D�V�O�D�J�H���X�� �V�P�L�V�O�X���]�D�ã�W�L�W�H���S�R�G�]�H�P�Q�L�K���Y�R�G�D��
�W�H���V�H���S�U�L�N�D�]�X�M�X���L�V�W�U�D�å�L�Y�D�Q�M�D���S�U�R�Y�H�G�H�Q�D���Q�D���W�H�P�H�O�M�X���W�H�U�H�Q�V�N�R�J���U�H�N�R�J�Q�R�V�F�L�U�D�Q�M�D���L���S�U�L�N�X�S�O�M�H�Q�L�K���S�R�G�D�W�D�N�D��
�V�D�� �S�R�G�U�X�þ�M�D�� �)�H�G�H�U�D�F�L�M�H�� �%�R�V�Q�H�� �L�� �+�H�U�F�H�J�R�Y�L�Q�H�� �L�� �5�H�S�X�E�O�L�N�H�� �+�U�Y�D�W�V�N�H���� �(�X�U�R�S�V�N�L�� �H�N�R�O�R�ã�N�L�� �V�W�D�Q�G�D�U�G�L��
�P�H�ÿ�X�� �Q�D�M�Y�L�ã�L�P�D�� �V�X�� �X�� �V�Y�L�M�H�W�X���� �Ä�(�X�U�R�S�V�N�L�P�� �S�U�L�V�W�X�S�R�P�³�� �S�U�R�F�M�H�Q�H�� �V�S�H�F�L�I�L�þ�Q�H�� �U�D�Q�M�L�Y�R�V�W�L�� �L�� �S�U�H�P�D��
�S�U�R�W�R�N�R�O�X���N�R�M�L���M�H���S�U�H�G�O�R�å�H�Q���X���V�N�O�R�S�X���S�U�R�M�H�N�W�D���&�2�6�7���$�F�W�L�R�Q�����������L���S�U�L�P�M�H�Q�R�P���&�2�3���P�H�W�R�G�H���R�G�U�H�ÿ�H�Q�D��
�M�H���R�F�M�H�Q�D���V�S�H�F�L�I�L�þ�Q�H���U�D�Q�M�L�Y�R�V�W�L���Yodonosnika na nitrate i lindan. 
 
�.�O�M�X�þ�Q�H�� �U�L�M�H�þ�L�� �H�X�U�R�S�V�N�L�� �H�N�R�O�R�ã�N�L�� �V�W�D�Q�G�D�U�G�L���� �R�F�M�H�Q�D�� �V�S�H�F�L�I�L�þ�Q�H�� �U�D�Q�M�L�Y�R�V�W�L�� �Y�R�G�R�Q�R�V�Q�L�N�D���� �U�H�J�L�R�Q�D�O�Q�R��
�F�U�S�L�O�L�ã�W�H���³�,�V�W�R�þ�Q�D���6�O�D�Y�R�Q�L�M�D�´ 
 
Uvod 
 
�9�R�G�R�Q�R�V�Q�L�F�L���Q�D���S�R�G�U�X�þ�M�X���L�V�W�R�þ�Q�H���6�O�D�Y�R�Q�L�M�H�����L�]�P�H�ÿ�X���O�L�Q�L�M�H���9�U�S�R�O�M�D-Cerna na sjeveru i rijeke 
Save na jugu, pripadaju aluvijalnim naslagama���� �X�� �N�R�M�L�P�D�� �V�H�� �Q�D�O�D�]�L�� �U�H�J�L�R�Q�D�O�Q�R�� �F�U�S�L�O�L�ã�W�H��
�Ä�,�V�W�R�þ�Q�D���6�O�D�Y�R�Q�L�M�D�³�����%�U�L�ã�N�L���L���V�X�U���������������������5�H�J�L�R�Q�D�O�Q�R���F�U�S�L�O�L�ã�W�H���Ä�,�V�W�R�þ�Q�D���6�O�D�Y�R�Q�L�M�D�³���V�H���L�V�W�L�þ�H��
�Y�H�O�L�N�R�P�� �L�]�G�D�ã�Q�R�ã�ü�X���� �L�]�X�]�H�W�Q�R�P�� �N�D�N�Y�R�ü�R�P�� �L�� �U�D�G�L�� �V�H�� �R�� �S�R�G�U�X�þ�M�X���� �N�R�M�H�� �M�H�� �X�� �Ä�6�W�U�D�W�H�J�L�M�L��
�X�S�U�D�Y�O�M�D�Q�M�D���Y�R�G�D�P�D�³�����1���1�����E�U�������������������R�]�Q�D�þ�H�Q�R���N�D�R���S�R�G�U�X�þ�M�H���V�D���V�W�U�D�W�H�ã�N�L���Y�D�å�Q�L�P���]�D�O�L�K�D�P�D��
�S�L�W�N�H�� �Y�R�G�H�� �]�D�� �5�H�S�X�E�O�L�N�X�� �+�U�Y�D�W�V�N�H���� �W�H�� �N�D�S�D�F�L�W�H�W�R�P���R�G������������ �O���V�� �F�U�S�L�O�L�ã�W�H�� �R�V�L�J�X�U�D�Y�D�� �S�R�W�U�H�E�H��
�]�D�� �Y�R�G�R�P�� �Q�D�� �S�R�G�U�X�þ�M�X�� �R�G�� �U�X�E�Q�L�K�� �G�L�M�H�O�R�Y�D�� �6�O�D�Y�R�Q�V�N�R�J�� �%�U�R�G�D�� �Q�D�� �]�D�S�D�G�X�� �G�R�� �9�L�Q�N�R�Y�D�F�D����
�7�R�Y�D�U�Q�L�N�D�����ä�X�S�D�Q�M�H�����'�U�H�Q�R�Y�D�F�D���L���*�X�Qje na istoku gd�M�H���å�L�Y�L���R�N�R�������������������V�W�D�Q�R�Y�Q�L�N�D�� 
�$�Q�D�O�L�]�H�� �I�L�]�L�N�D�O�Q�L�K�� �V�Y�R�M�V�W�D�Y�D���� �N�H�P�L�M�V�N�R�J�� �L�� �E�D�N�W�H�U�L�R�O�R�ã�N�R�J�� �V�D�V�W�D�Y�D�� �V�X�N�O�D�G�Q�R��Pravilniku o 
parametrima sukladnosti, metodama analize, monitoringu i planovima sigurnosti vode za 
�O�M�X�G�V�N�X���S�R�W�U�R�ã�Q�M�X���W�H���Q�D�þ�L�Q�X���Y�R�ÿ�H�Q�M�D��registra pravnih osoba koje obavljaju djelatnost javne 
vodoopskrbe (NN br. 125/17) pokazuju da su podzemne vode na lokaciji regionalnog 
�F�U�S�L�O�L�ã�W�D�� �L�]�X�]�H�W�Q�R�� �G�R�E�U�H�� �S�U�L�U�R�G�Q�H�� �N�D�N�Y�R�ü�H���� �D�� �V�� �R�E�]�L�U�R�P�� �Q�D�� �J�H�R�O�R�ã�N�H�� �L�� �K�L�G�U�R�J�H�R�O�R�ã�N�H��
                                                 
* jasna@vvk.hr 
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�]�Q�D�þ�D�M�N�H�� �S�R�G�U�X�þ�M�D�� �L�V�W�U�D�å�L�Y�D�Q�M�D�� �S�R�V�W�R�M�L�� �Y�U�O�R�� �G�R�E�U�D�� �P�R�J�X�ü�Q�R�V�W�� �]�D�ã�W�L�W�H�� �S�R�G�]�H�P�Q�L�K�� �Y�R�G�D����
�0�H�ÿ�X�W�L�P���� �]�E�R�J�� �Q�D�J�O�R�J�� �U�D�]�Y�R�M�D�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�H�� �S�U�R�L�]�Y�R�G�Q�M�H�� �L�� �X�U�E�D�Q�L�]�D�F�L�M�H�� �V�Y�H�� �V�X��
�L�Q�W�H�Q�]�L�Y�Q�L�M�L���D�Q�W�U�R�S�R�J�H�Q�L���S�U�L�W�L�V�F�L���N�R�M�L���P�R�J�X���X�W�M�H�F�D�W�L���Q�D���S�U�R�P�M�H�Q�X���N�D�N�Y�R�ü�H���S�R�G�]�H�P�Q�L�K���Y�R�G�D����
�2�E�]�L�U�R�P�� �G�D�� �V�X�� �S�U�Y�L�� �U�H�]�X�O�W�D�W�L�� �L�V�W�U�D�å�L�Y�D�Q�M�D���Q�D�� �S�U�R�P�D�W�U�D�Q�R�P�� �S�R�G�U�X�þ�M�X�� �S�R�N�D�]�D�O�L�� �G�D�� �V�X��
podzemne vode u vodonosnim slojevima, iz kojih se crpi voda za potrebe vodoopskrbe 
�G�R�E�U�H�� �N�D�N�Y�R�ü�H���� �Y�U�L�M�H�G�Q�R�V�W�L�� �S�R�M�H�G�L�Q�L�K�� �S�R�N�D�]�D�W�H�O�M�D���� �S�U�L�P�M�H�U�L�F�H�� �D�U�V�H�Q�D���� �P�D�Q�J�D�Q�D�� �L�� �å�H�O�M�H�]�D��
���.�R�S�L�ü�������������� pokazuju postupnu promjenu u vremenu. 
�5�D�Q�M�L�Y�R�V�W�� �Y�R�G�R�Q�R�V�Q�L�N�D�� �X�� �Q�D�M�ã�L�U�H�P�� �N�R�Q�W�H�N�V�W�X�� �P�R�å�H�� �V�H�� �R�S�L�V�D�W�L�� �N�D�R�� �P�R�J�X�ü�Q�R�V�W�� �R�Q�H�þ�L�ã�ü�H�Q�M�D��
�Y�R�G�R�Q�R�V�Q�L�N�D�� �R�G�� �S�R�V�O�M�H�G�L�F�D�� �D�N�W�L�Y�Q�R�V�W�L�� �Q�D�� �S�R�Y�U�ã�L�Q�L�� �W�H�U�H�Q�D�� ���1�5�&���� �������������� �5�D�Q�M�L�Y�R�V�W��
�Y�R�G�R�Q�R�V�Q�L�N�D�� �Q�L�M�H�� �P�R�J�X�ü�H�� �L�]�P�M�H�U�L�W�L�� �L�]�U�D�Y�Q�R�� �L�O�L��in situ, ona je relativno, nemjerljivo i 
�E�H�]�G�L�P�H�Q�]�L�M�V�N�R�� �V�Y�R�M�V�W�Y�R�� ���9�U�E�D�� �L�� �=�D�S�R�U�R�]�H�F���� �������������� �=�D�ã�W�L�W�D�� �Y�R�G�R�Q�R�V�Q�L�N�D�� �R�G�� �R�Q�H�þ�L�ã�ü�H�Q�M�D��
�N�U�R�]���R�F�M�H�Q�X���U�D�Q�M�L�Y�R�V�W�L���M�H���S�U�H�S�R�]�Q�D�W�D���N�D�R���Y�D�å�D�Q���G�L�R���]�D�ã�W�L�W�H���Y�R�G�R�Q�R�V�Q�L�N�D���X���V�Y�M�H�W�V�N�R�M���S�U�D�N�V�L����
�6�� �R�E�]�L�U�R�P�� �Q�D�� �S�R�Q�D�ã�D�Q�M�H�� �R�G�U�H�ÿ�H�Q�H�� �Y�U�V�W�H�� �R�Q�H�þ�L�ã�ü�L�Y�D�O�D���� �X�� �R�G�U�H�ÿ�H�Q�L�P�� �K�L�G�U�R�J�H�R�O�R�ã�Nim 
�X�Y�M�H�W�L�P�D���� �U�D�]�O�L�N�X�M�H�� �V�H�� �S�U�L�U�R�G�Q�D�� �L�� �V�S�H�F�L�I�L�þ�Q�D�� �U�D�Q�M�L�Y�R�V�W�� �Y�R�G�R�Q�R�V�Q�L�N�D���� �3�U�L�U�R�G�Q�D�� �U�D�Q�M�L�Y�R�V�W�� �M�H�V�W��
�R�V�M�H�W�O�M�L�Y�R�V�W�� �S�R�G�]�H�P�Q�H�� �Y�R�G�H�� �Q�D�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� �N�R�M�D�� �X�N�O�M�X�þ�X�M�H�� �J�H�R�O�R�ã�N�H���� �K�L�G�U�R�J�H�R�O�R�ã�N�H�� �L��
�K�L�G�U�R�O�R�ã�N�H�� �X�Y�M�H�W�H�� �S�U�R�P�D�W�U�D�Q�R�J�� �S�R�G�U�X�þ�M�D���� �D�� �Q�L�M�H�� �R�Y�L�V�Q�D�� �R�� �]�Q�D�þ�D�M�N�D�P�D�� �R�Q�H�þ�L�ã�ü�X�M�X�üe tvari i 
�Q�D�þ�L�Q�X�� �N�U�H�W�D�Q�M�D�� �R�Q�H�þ�L�ã�ü�H�Q�M�D���� �6�S�H�F�L�I�L�þ�Q�D�� �L�O�L�� �L�Q�W�H�J�U�D�O�Q�D�� �U�D�Q�M�L�Y�R�V�W�� �M�H�V�W�� �R�V�M�H�W�O�M�L�Y�R�V�W�� �S�R�G�]�H�P�Q�H��
�Y�R�G�H�� �Q�D�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� �N�R�M�D�� �X�N�O�M�X�þ�X�M�H�� �]�Q�D�þ�D�M�N�H�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� �L�O�L�� �J�U�X�S�H�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� �L�� �Q�M�L�K�R�Y��
�R�G�Q�R�V�� �S�U�H�P�D�� �K�L�G�U�R�J�H�R�O�R�ã�N�R�P�� �V�X�V�W�D�Y�X���� �=�D�� �X�W�Y�U�ÿ�L�Y�D�Q�M�H�� �S�U�L�U�R�G�Q�H�� �L�� �V�S�H�F�L�I�L�þ�Q�H�� �U�D�Q�M�L�Y�R�V�W�L��
�Y�R�G�R�Q�R�V�Q�L�N�D���S�U�L�P�M�H�Q�M�X�M�X���V�H���U�D�]�O�L�þ�L�W�H���P�H�W�R�G�H�����R�G���H�P�S�L�U�L�M�V�N�L�K���G�R���I�L�]�L�N�D�O�Q�L�K���P�H�W�R�G�D�����N�R�M�H���V�H��
�N�R�Q�W�L�Q�X�L�U�D�Q�R�� �U�D�]�Y�L�M�D�M�X�� �L�� �P�R�G�L�I�L�F�L�U�D�M�X�� �Q�D�V�W�R�M�H�ü�L�� �V�H�� �S�U�L�O�D�J�R�G�L�W�L�� �V�S�H�F�L�I�L�þ�Q�R�V�W�L�P�D�� �L�V�W�U�D�å�L�Y�D�Q�L�K��
�S�R�G�U�X�þ�M�D���L���]�D�K�W�M�H�Y�L�P�D���N�U�D�M�Q�M�L�K���N�R�U�L�V�Q�L�N�D�����5�H�]�X�O�W�D�W�L���G�R�E�L�Yeni ocjenom ranjivosti priljevnog 
�S�R�G�U�X�þ�M�D�����S�U�L�N�D�]�X�M�X���V�H���N�D�U�W�D�P�D���U�D�]�O�L�þ�L�W�L�K���P�M�H�U�L�O�D�����N�R�M�H���S�U�H�G�V�W�D�Y�O�M�D�M�X���K�L�G�U�R�J�H�R�O�R�ã�N�H���]�Q�D�þ�D�M�N�H��
�S�U�R�P�D�W�U�D�Q�R�J���S�U�R�V�W�R�U�D�����1�D���N�D�U�W�L���U�D�Q�M�L�Y�R�V�W�L���V�H���L�]�G�Y�D�M�D�M�X���G�L�M�H�O�R�Y�L���S�U�L�O�M�H�Y�Q�R�J���S�R�G�U�X�þ�M�D���N�R�M�L���V�X��
�R�E�]�L�U�R�P�� �Q�D�� �S�U�L�U�R�G�Q�D�� �R�E�L�O�M�H�å�M�D�� �P�D�Q�M�H�� �L�O�L�� �Y�L�ã�H�� �L�]�O�R�å�H�Q�L�� �S�R�W�H�Q�F�L�M�D�O�Q�R�P�� �ã�W�H�W�Q�R�P�� �G�M�H�O�R�Y�D�Q�M�X�� �V��
�S�R�Y�U�ã�L�Q�H���W�H�U�H�Q�D�� 
�8���R�Y�R�P���U�D�G�X���ü�H���V�H���G�H�I�L�Q�L�U�D�W�L���V�S�H�F�L�I�L�þ�Q�D���U�D�Q�M�L�Y�R�V�W���S�U�L�O�M�H�Y�Q�R�J���S�R�G�U�X�þ�M�D�����U�H�J�L�R�Q�D�O�Q�R�J���F�U�S�L�O�L�ã�W�D��
�Ä�,�V�W�R�þ�Q�D���6�O�D�Y�R�Q�L�M�D�³���6�L�N�L�U�H�Y�F�L na lindan i nitrate na osnovu prikupljenih podataka i analiza 
ge�R�O�R�ã�N�L�K���L���K�L�G�U�R�J�H�R�O�R�ã�N�L�K���S�D�U�D�P�H�W�D�U�D�� 
 
�=�D�ã�W�L�W�D���S�R�G�]�H�P�Q�L�K���Y�R�G�D���V�X�N�O�D�G�Q�R���U�H�J�X�O�D�W�L�Y�L���5�H�S�X�E�O�L�N�H���+�U�Y�D�W�V�N�H 
 
�3�R�G�U�X�þ�M�H�� �Q�D�� �N�R�M�H�P�� �V�H�� �Q�D�O�D�]�L�� �F�U�S�L�O�L�ã�W�H�� �P�R�U�D�� �E�L�W�L�� �]�D�ã�W�L�ü�H�Q�R�� �R�G�� �Q�D�P�M�H�U�Q�R�J�� �L�O�L�� �V�O�X�þ�D�M�Q�R�J��
�]�D�J�D�ÿ�H�Q�M�D�� �L�� �R�G�� �G�U�X�J�L�K�� �X�W�M�H�F�D�M�D�� �N�R�M�L�� �P�R�J�X�� �Q�H�S�R�Y�R�O�M�Q�R�� �G�M�H�O�R�Y�D�W�L�� �Q�D�� �]�G�U�D�Ystvenu ispravnost 
�Y�R�G�H���L�O�L���Q�D���Q�M�H�J�R�Y�X���L�]�G�D�ã�Q�R�V�W�����V�X�N�O�D�G�Q�R���V���þ�O�D�Q�N�R�P���������=�D�N�R�Q�D���R���Y�R�G�D�P�D�������1���1�����E�U��������������������
63/11; 130/11; 56/13; 14/14; 46/18). 
�3�U�D�Y�L�O�Q�L�N�R�P�� �R�� �X�Y�M�H�W�L�P�D�� �]�D�� �X�W�Y�U�ÿ�L�Y�D�Q�M�H�� �]�R�Q�D�� �V�D�Q�L�W�D�U�Q�H�� �]�D�ã�W�L�W�H�� �L�]�Y�R�U�L�ã�W�D�� ���1���1���� �E�U���� ������������ �L��
47/13) propisuju se uvje�W�L���]�D���X�W�Y�U�ÿ�L�Y�D�Q�M�H���]�R�Q�D���V�D�Q�L�W�D�U�Q�H���]�D�ã�W�L�W�H���L�]�Y�R�U�L�ã�W�D���N�R�M�D���V�H���N�R�U�L�V�W�H���]�D��
�M�D�Y�Q�X�� �Y�R�G�R�R�S�V�N�U�E�X���� �P�M�H�U�H�� �L�� �R�J�U�D�Q�L�þ�H�Q�M�D�� �N�R�M�D�� �V�H�� �X�� �Q�M�L�P�D�� �S�U�R�Y�R�G�H���� �U�R�N�R�Y�L�� �L�� �S�R�V�W�X�S�D�N��
�G�R�Q�R�ã�H�Q�M�D���R�G�O�X�N�D���R���]�D�ã�W�L�W�L���L�]�Y�R�U�L�ã�W�D�� 
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�(�X�U�R�S�V�N�L�� �S�D�U�O�D�P�H�Q�W�� �L�� �9�L�M�H�ü�H�� �V�X�� ������������ �J�R�G�L�Q�H�� �X�V�Y�R�M�L�O�L��Direktivu Europske unije br. 
91/676/EEZ �R���]�D�ã�W�L�W�L���Y�R�G�D���R�G���R�Q�H�þ�L�ã�ü�H�Q�M�D���N�R�M�D���X�]�U�R�N�X�M�X���Q�L�W�U�D�W�L���S�R�O�M�R�S�U�L�Y�U�H�G�Q�R�J���S�R�G�U�L�M�H�W�O�D�� 
poznatiju kao �1�L�W�U�D�W�Q�X�� �G�L�U�H�N�W�L�Y�X�� �����������������(�(�&������ �N�D�N�R�� �E�L�� �V�S�U�L�M�H�þ�L�O�L�� �R�Q�H�þ�L�ã�ü�H�Q�M�H�� �W�O�D�� �L�� �Y�R�G�H��
nitratima iz mineralnih gnojiva. 
�2�G�O�X�N�R�P���R���X�W�Y�U�ÿ�L�Y�D�Q�M�X���U�D�Q�M�L�Y�L�K���S�R�G�U�X�þ�M�D���X���5�H�S�X�E�O�L�F�L���+�U�Y�D�W�V�N�R�M�����1���1�����E�U�������������������X�W�Y�U�ÿ�H�Q�D��
�V�X���U�D�Q�M�L�Y�D���S�R�G�U�X�þ�M�D���Q�D���Q�L�W�U�D�W�H�����W�H���M�H���Q�D���L�V�W�L�P���S�R�W�U�H�E�Q�R���S�U�R�Y�H�V�W�L���S�R�M�D�þ�D�Q�H���P�M�H�U�H���]�D�ã�W�L�W�H���Y�R�G�D��
�R�G���R�Q�H�þ�L�ã�ü�H�Q�M�D���Q�L�W�U�D�W�L�P�D���L�]���S�R�O�M�R�S�U�L�Y�U�H�G�H�����7�D�N�R�ÿ�H�U�����G�D�Q�R�P���S�U�L�V�W�X�S�D�Q�M�D���5�+���(�Xropskoj uniji 
donesen je �$�N�F�L�M�V�N�L�� �S�U�R�J�U�D�P�� �]�D�ã�W�L�W�H�� �Y�R�G�D�� �R�G�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� �X�]�U�R�N�R�Y�D�Q�R�J�� �Q�L�W�U�D�W�L�P�D��
poljoprivrednog porijekla (N.N. br. 15/13). Prema navedenoj Odluci, oko 10 % kopnenog 
teritorija RH ozna�þ�H�Q�R���M�H���N�D�R���U�D�Q�M�L�Y�R���Q�D���Q�L�W�U�D�W�H�� 
�1�L�W�U�D�W�Q�D�� �G�L�U�H�N�W�L�Y�D�� �Q�D�O�D�å�H�� �X�W�Y�U�ÿ�L�Y�D�Q�M�H�� �G�R�S�U�L�Q�R�V�D�� �S�R�O�M�R�S�U�L�Y�U�H�G�H�� �Q�D�� �R�S�W�H�U�H�ü�H�Q�M�H�� �Y�R�G�D��
hranjivim tvarima, prvenstveno nitratima i fosfatima, no monitoring koji se danas provodi 
�Q�H���R�G�U�D�å�D�Y�D���V�W�Y�D�U�Q�R���V�W�D�Q�M�H���X�W�M�H�F�D�M�D���R�Q�H�þ�L�ã�ü�H�Q�M�D���L�]���S�R�O�M�R�S�U�L�Y�U�H�G�H�� 
�.�R�G�H�N�V�L�P�D�� �G�R�E�U�H�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�H�� �S�U�D�N�V�H�� �S�R�N�X�ã�D�Y�D se umanjiti rizik od difuznog 
�R�Q�H�þ�L�ã�ü�H�Q�M�D���Q�L�W�U�D�W�L�P�D���L���I�R�V�I�D�W�Lma iz intenzivne poljoprivrede. 
 
Materijali i metode 
 
�3�U�R�V�W�R�U�� �R�E�X�K�Y�D�ü�H�Q�� �R�Y�L�P�� �L�V�W�U�D�å�L�Y�D�Q�M�H�P�� �V�H�� �Q�D�O�D�]�L�� �Q�D�� �S�U�R�V�W�R�U�X�� �L�]�P�H�ÿ�X�� �ä�X�S�D�Q�M�H�� �Q�D�� �L�V�W�R�N�X����
Strizivojne na sjeveru i Donjih Andrijevaca na zapadu i prikazan je na Slici 1. Zbog 
�N�D�U�D�N�W�H�U�L�V�W�L�N�D�� �S�U�R�V�W�L�U�D�Q�M�D�� �N�D�S�W�L�U�D�Q�L�K�� �Y�R�G�R�Q�R�V�Q�L�K�� �V�O�R�M�H�Y�D�� �S�R�G�U�X�þ�M�H�� �L�V�W�U�D�å�L�Y�D�Q�M�H���M�H���S�U�R�ã�L�U�H�Q�R��
�Q�D�� �S�U�R�V�W�R�U�� �)�H�G�H�U�D�F�L�M�H�� �%�R�V�Q�H�� �L�� �+�H�U�F�H�J�R�Y�L�Q�H�� �L�� �W�R�� �G�R���.�R�V�W�U�þ�D�� �Q�D�� �]�D�S�D�G�X���� �'�R�Q�M�H�J�� �6�Y�L�O�D�M�D�� �Q�D��
�]�D�S�D�G�X���L���2�G�å�D�N�D���Q�D���M�X�J�X�����.�R�S�L�ü���������������� 
 

 
 

Slika 1. �3�U�R�V�W�R�U�Q�L���S�R�O�R�å�D�M���S�R�G�U�X�þ�M�D���L�V�W�U�D�å�L�Y�D�Q�M�D 
Figure 1. Spatial location of the study area 



8th International Conference WATER FOR ALL 
21-22 March 2019 
Osijek, Croatia 

Zbornik radova  / Proceedings 
Poljoprivreda i vodni resursi / Agriculture and Water Resources 

 

4 

�6�� �F�L�O�M�H�P�� �G�H�I�L�Q�L�U�D�Q�M�D�� �L�� �L�Q�W�H�U�S�U�H�W�D�F�L�M�H�� �J�H�R�O�R�ã�N�L�K���� �K�L�G�U�R�J�H�R�O�R�ã�N�L�K�� �L�� �S�R�G�D�W�D�N�D�� �L�V�W�U�D�å�L�Y�D�Q�R�J��
�S�U�R�V�W�R�U�D���N�R�U�L�ã�W�H�Q�L���V�X���S�R�G�D�F�L�� 
�x objavljenih i neobjavlje�Q�L�K���U�D�G�R�Y�D���L���W�H�K�Q�L�þ�N�L�K���L�]�Y�M�H�ã�ü�D�� 
�x h�L�G�U�R�S�H�G�R�O�R�ã�N�H���N�D�U�W�H���5�H�S�X�E�O�L�N�H���+�U�Y�D�W�V�N�H�����0�������������������������9�L�G�D�þ�H�N���L���V�X�U���������������� 
�x �S�R�V�W�R�M�H�ü�H���N�O�D�V�L�I�L�N�D�F�L�Me �W�O�D���]�D���S�R�G�U�X�þ�M�H���5�H�S�X�E�O�L�N�H���+�U�Y�D�W�V�N�H ���â�N�R�U�L�ü���������������� 
�x �S�H�G�R�O�R�ã�N�H�� �N�D�U�W�H�� �%�R�V�Q�H�� �L�� �+�H�U�F�H�J�R�Y�L�Q�H�� ������ ���������������� �V�H�N�F�L�M�H�� �%�U�R�G-3 i Brod-4, 

Derventa-2, Vinkovci-3 i Vinkovci-4 i Tuzla-���������.�R�Y�D�þ�H�Y�L�ü���L���V�X�U������������������ 
�x klimatski atlas Republike Hr�Y�D�W�V�N�H�����=�D�Q�L�Q�R�Y�L�ü���L���V�X�U������������������ 
�x �R���V�U�H�G�Q�M�L�P���J�R�G�L�ã�Q�M�L�P���R�E�R�U�L�Q�D�P�D���S�U�H�X�]�H�W�L���R�G���'�U�å�D�Y�Q�R�J���K�L�G�U�R�P�H�W�H�R�U�R�O�R�ã�N�R�J���]�D�Y�R�G�D��

i odnose se na razdoblje od 2000. do 2014. godine. 
 
Navedeni �S�R�G�D�F�L�� �S�U�L�N�X�S�O�M�H�Q�L�� �V�X�� �R�G�� �-�D�Y�Q�L�K�� �L�V�S�R�U�X�þ�L�W�H�O�M�D�� �Y�R�G�Q�L�K�� �X�V�O�X�J�D�� �9�L�Q�N�R�Y�D�þ�N�R�J��
�Y�R�G�R�Y�R�G�D���L���N�D�Q�D�O�L�]�D�F�L�M�H���G���R���R�����9�L�Q�N�R�Y�F�L�����+�U�Y�D�W�V�N�R�J���J�H�R�O�R�ã�N�R�J���L�Q�V�W�L�W�X�W�D�����=�D�J�U�H�E�����9�R�G�R�Y�R�G�D��
�L�� �N�D�Q�D�O�L�]�D�F�L�M�D�� �2�-�'�.�3�� �â�D�P�D�F�� �L�� �-�3�� �.�R�P�X�Q�D�O�D�F�� �G���R���R���� �2�G�å�D�N���� �=�D�Y�R�G�D�� �]�D�� �M�D�Y�Q�R�� �]�G�U�D�Y�V�W�Y�R��
�2�V�M�H�þ�N�R-baran�M�V�N�H���å�X�S�D�Q�L�M�H���L���'�U�å�D�Y�Q�R�J���K�L�G�U�R�P�H�W�H�R�U�R�O�R�ã�N�R�J���]�D�Y�R�G�D�� 
�6�Y�L�� �S�R�G�D�F�L�� �V�X�� �R�E�U�D�ÿ�H�Q�L�� �L�� �S�U�L�S�U�H�P�O�M�H�Q�L�� �]�D�� �D�Q�D�O�L�]�H�� �S�R�P�R�ü�X�� �*�,�6�� �W�H�K�Q�R�O�R�J�L�M�H���� �S�U�R�J�U�D�P�V�N�L�P��
�S�D�N�H�W�R�P���$�U�F�*�L�V�� �'�H�V�N�W�R�S�����W�Y�U�W�N�H�� �(�6�5�,���� �.�R�U�L�ã�W�H�Q�D���M�H���6�S�O�L�Q�H�� �P�H�W�R�G�D���L�Q�W�H�U�S�R�O�D�F�L�M�H���N�R�M�D�� �N�D�R��
rezultat daje �Y�U�O�R���I�L�Q�H�����X�J�O�D�ÿ�H�Qe linije prijelaza te kao takva najbolje aproksimira prirodno 
stanje parametara. �=�D�W�L�P���M�H���*�,�6���W�H�K�Q�R�O�R�J�L�M�R�P�����S�R�P�R�ü�X���D�O�D�W�D���]�D���S�U�R�V�W�R�U�Q�H���U�D�V�W�H�U�V�N�H���D�Q�D�O�L�]�H��
�X�� �H�N�V�W�H�Q�]�L�M�L�� �Ä�6�S�D�W�L�D�O�� �$�Q�D�O�\�V�W�� �7�R�R�O�³ Raster Calculatorom �R�G�U�H�ÿ�H�Q�D�� �D�O�J�H�E�D�U�V�N�D�� �U�D�]�O�L�N�D�� �S�R��
�ü�H�O�L�M�D�P�D�� �L�]�P�H�ÿ�X�� �Uastera koji prikazuje dubine do razine podzemne vode i debljina 
krovinskih naslaga iznad razina podzemnih voda. 
�=�D�� �S�U�R�F�M�H�Q�X�� �S�U�L�U�R�G�Q�H�� �L�� �V�S�H�F�L�I�L�þ�Q�H�� �U�D�Q�M�L�Y�R�V�W�L�� �ã�L�U�H�J�� �S�R�G�U�X�þ�M�D�� �F�U�S�L�O�L�ã�W�D�� �Ä�,�V�W�R�þ�Q�D�� �6�O�D�Y�R�Q�L�M�D�³��
Sikirevci na nitrate i lindan izabrana je COP metoda. �0�H�W�R�G�D���M�H���U�D�]�Y�L�M�H�Q�D���X���â�S�D�Q�M�R�O�V�N�R�M���X��
�U�D�]�G�R�E�O�M�X���R�G���������������G�R���������������J�R�G�L�Q�H���Q�D���6�Y�H�X�þ�L�O�L�ã�W�X���X���0�D�O�D�J�L�����X���V�N�O�R�S�X���S�U�R�M�H�N�W�D��COST 620 
(2004) �L�� �S�R�W�S�X�Q�R�� �M�H�� �N�R�Q�F�H�S�W�R�P�� �L�� �W�H�U�P�L�Q�R�O�R�J�L�M�R�P�� �X�V�N�O�D�ÿ�H�Q�D�� �V�� �Ä�(�X�U�R�S�V�N�L�P���S�U�L�V�W�X�S�R�P�³��
procjene ranjivosti. 
 
Rezultati i rasprava 
 
Prirodna �U�D�Q�M�L�Y�R�V�W���� �S�U�H�P�D�� �]�D�N�O�M�X�þ�F�L�P�D�� �S�U�R�M�H�N�W�D�� �&�2�6�7�� �������� ������������ �X�N�O�M�X�þ�X�M�H�� �J�H�R�O�R�ã�N�H����
�K�L�G�U�R�O�R�ã�N�H�� �L�� �K�L�G�U�R�J�H�R�O�R�ã�N�H�� �X�Y�M�H�W�H�� �U�D�]�P�D�W�U�D�Q�R�J�� �S�R�G�U�X�þ�M�D�� �L�� �S�U�L�� �W�R�P�� �Q�H�� �U�D�]�P�D�W�U�D�� �S�U�L�U�R�G�X��
�V�D�P�R�J�� �R�Q�H�þ�L�ã�ü�L�Y�D�O�D�� �L�� �V�F�H�Q�D�U�L�M�� �R�Q�H�þ�L�ã�ü�H�Q�M�D���� �=�D�� �R�F�M�H�Q�X�� �V�S�H�F�L�I�L�þ�Q�H�� �U�D�Q�M�L�Y�R�V�W�L���� �V�� �R�E�]�L�U�R�P�� �Q�D��
�R�G�U�H�ÿ�H�Q�R�� �R�Q�H�þ�L�ã�ü�L�Y�D�O�R�� �L�O�L�� �J�U�X�S�X�� �R�Q�H�þ�L�ã�ü�L�Y�D�O�D���� �S�R�U�H�G�� �]�Q�D�þ�D�M�N�L�� �V�X�V�W�D�Y�D�� �N�R�M�H�� �V�H�� �N�R�U�L�V�W�H�� �]�D��
�R�F�M�H�Q�X�� �S�U�L�U�R�G�Q�H�� �U�D�Q�M�L�Y�R�V�W�L���� �S�R�W�U�H�E�Q�R�� �M�H�� �X�]�H�W�L�� �X�� �R�E�]�L�U�� �L�� �R�E�L�O�M�H�å�M�D�� �R�Q�H�þ�L�ã�ü�L�Y�D�O�D�� �W�H�� �N�D�N�R�� �R�Q�D��
�X�W�M�H�þ�X���Q�D���Q�M�H�J�R�Y���S�U�L�M�H�Q�R�V�����K�L�G�U�R�J�H�R�O�R�ã�N�L���V�X�V�W�D�Y�����W�H���V�F�H�Q�D�U�L�M���R�Q�H�þ�L�ã�ü�H�Q�M�D�� 
�Ä�(�X�U�R�S�V�N�L�� �S�U�L�V�W�X�S�³�� �S�U�R�F�M�H�Q�H�� �V�S�H�F�L�I�L�þ�Q�H�� �U�D�Q�M�L�Y�R�V�W�L���� �S�U�H�P�D�� �S�U�R�W�R�N�R�O�X�� �N�R�M�L�� �M�H�� �S�U�H�G�O�R�å�H�Q�� �X��
�V�N�O�R�S�X�� �S�U�R�M�H�N�W�D�� �&�2�6�7�� �$�F�W�L�R�Q�� �������� ���������������� �V�D�V�W�R�M�L�� �V�H�� �X�� �R�G�U�H�ÿ�L�Y�D�Q�M�X�� �L�Q�G�H�N�V�D�� �V�S�H�F�L�I�L�þ�Q�R�J��
�]�D�G�U�å�D�Y�D�Q�M�D���S�R�M�H�G�L�Q�R�J���R�Q�H�þ�L�ã�ü�H�Q�M�D�����N�R�M�L���V�H���N�R�P�E�L�Q�L�U�D���V���R�V�W�D�O�L�P���I�D�N�W�R�U�L�P�D���Y�H�ü���S�U�R�F�L�M�H�Q�M�Hne 
�S�U�L�U�R�G�Q�H���U�D�Q�M�L�Y�R�V�W�L�����Ä�(�X�U�R�S�V�N�L���S�U�L�V�W�X�S�³���S�U�H�G�O�D�å�H���W�U�L���I�D�N�W�R�U�D���]�D���S�U�R�F�M�H�Q�X���S�U�L�U�R�G�Q�H���U�D�Q�M�L�Y�R�V�W�L����
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�]�D�ã�W�L�W�Q�X���X�O�R�J�X�� �N�U�R�Y�L�Q�V�N�L�K�� �Q�D�V�O�D�J�D�� ���2������ �X�W�M�H�F�D�M���N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �W�R�N�D�� ���&���� �L�� �U�H�å�L�P�� �R�E�R�U�L�Q�D�� ���3������
�=�D���R�F�M�H�Q�X���V�S�H�F�L�I�L�þ�Q�H���U�D�Q�M�L�Y�R�V�W�L���Ä�(�X�U�R�S�V�N�L���S�U�L�V�W�X�S�³ �N�R�U�L�V�W�L���V�S�H�F�L�I�L�þ�Qi faktor (S). 
 
Procjena prirodne ranjivosti COP metodom 
 
Faktor krovinskih naslaga (O) �N�Y�D�O�L�W�D�W�L�Y�Q�R�� �R�S�L�V�X�M�H�� �X�W�M�H�F�D�M�� �U�D�]�U�M�H�ÿ�H�Q�M�D�� �L�� �]�D�G�U�å�D�Y�D�Q�M�D��
�R�Q�H�þ�L�ã�ü�L�Y�D�O�D�� �N�U�R�]�� �Q�H�V�D�W�X�U�L�U�D�Q�X�� �]�R�Q�X�� �Y�R�G�R�Q�R�V�Q�L�N�D���� �.�R�P�E�L�Q�D�F�L�M�R�P�� �]�Q�D�þ�D�M�N�L�� �W�O�D�� ���2s) i 
�O�L�W�R�O�R�ã�N�H�� �J�U�D�ÿ�H�� �Q�H�V�D�W�X�U�L�U�D�Q�H�� �]�R�Qe (OL) procjenjuje se faktor krovinskih naslaga (O). Kod 
�S�U�R�F�M�H�Q�H�� �I�D�N�W�R�U�D�� �2�� �Q�D�� �S�R�G�U�X�þ�M�X�� �L�V�W�U�D�å�L�Y�D�Q�M�D�� �S�R�ã�W�L�Y�D�Q�H�� �V�X�� �V�Y�H�� �X�S�X�W�H�� �G�H�I�L�Q�L�U�D�Q�H��
metodologije. Postupkom kombiniranja podataka dobiven je faktor krovinskih naslaga 
�&�2�3���P�H�W�R�G�H�����S�U�L�P�L�M�H�Q�M�H�Q�H���Q�D���S�R�G�U�X�þ�M�X���L�V�W�R�þ�Q�H���6�O�D�Y�R�Q�L�M�H�����X���Y�U�L�M�H�P�H���Q�L�V�N�L�K���L���Y�L�V�R�N�L�K���U�D�]�L�Q�D��
�S�R�G�]�H�P�Q�L�K�� �Y�R�G�D���� �,�]�� ������ �W�R�þ�N�D�V�W�D�� �S�R�G�D�W�N�D�� �V�� �L�V�W�U�D�å�Q�L�K�� �E�X�ã�R�W�L�Q�D���� �S�L�H�]�R�P�H�W�D�U�D�� �L�� �]�G�H�Q�D�F�D����
�V�P�M�H�ã�W�H�Q�L�K�� �Q�D�� �S�R�G�U�X�þ�M�X�� �L�V�W�U�D�å�L�Y�D�Q�M�D���� �G�R�E�L�Y�H�Q�L�� �V�X�� �S�R�G�D�F�L�� �]�D�� �Q�R�U�P�D�O�Q�H�� �K�L�G�U�R�O�R�ã�N�H�� �X�Y�M�H�W�H��
oborina i niske razine podzemnih v�R�G�D�� �L�� �S�R�G�D�F�L�� �R�� �K�L�G�U�R�O�R�ã�N�L�P�� �X�Y�M�H�W�L�P�D visokih razina 
podzemnih voda. 
Faktor koncentracije toka (C) �S�U�H�G�V�W�D�Y�O�M�D�� �N�R�Q�F�H�Q�W�U�D�F�L�M�X�� �S�R�Y�U�ã�L�Q�V�N�R�J�� �R�W�M�H�F�D�Q�M�D�� �N�R�M�D��
�R�P�R�J�X�ü�X�M�H���L�]�U�D�Y�Q�X���L�Q�I�L�O�W�U�D�F�L�M�X���R�E�R�U�L�Q�D�����L�]�E�M�H�J�D�Y�D�M�X�ü�L���S�U�L���W�R�P�H���Q�D�V�O�D�J�H���Q�H�V�D�W�X�U�L�U�D�Q�H���]�R�Q�H���L��
�Q�M�L�K�R�Y�X���]�D�ã�W�L�W�Q�X���I�X�Q�N�F�L�M�X�����.�R�G���S�U�R�F�M�H�Q�H���I�D�N�W�R�U�D���&���]�D���L�V�W�U�D�å�L�Y�D�Q�R���S�R�G�U�X�þ�M�H�����X���S�R�W�S�X�Q�R�V�W�L���M�H��
�N�R�U�L�ã�W�H�Q�� �V�F�H�Q�D�U�L�M�� ������ �E�X�G�X�ü�L�� �Q�D�� �S�R�G�U�X�þ�M�X�� �L�V�W�U�D�å�L�Y�D�Q�M�D�� �Q�H�P�D�� �P�M�H�V�W�D�� �N�R�Q�F�H�Q�W�U�L�U�D�Q�R�J�� �X�Y�L�U�D�Q�M�D��
�Y�R�G�H�� �V�� �S�R�Y�U�ã�L�Q�H�� �W�H�U�H�Q�D�� �X�� �S�R�G�]�H�P�O�M�H���� �Q�L�W�L�� �R�N�U�ã�H�Q�L�K�� �G�L�M�H�O�R�Y�D�� �V�O�L�Y�Q�R�J�� �S�R�G�U�X�þ�M�D���� �6�W�R�J�D�� �M�H�� �]�D��
iz�U�D�G�X�� �N�D�U�W�H�� �I�D�N�W�R�U�D�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �W�R�N�D�� �&���� �L�V�N�O�M�X�þ�L�Y�R�� �N�R�U�L�ã�W�H�Q�� �S�R�G�I�D�N�W�R�U�� ���V�Y���� �N�R�P�E�L�Q�D�F�L�M�D��
�Q�D�J�L�E�D�� �W�H�U�H�Q�D�� �L�� �S�U�L�V�X�W�Q�H�� �Y�H�J�H�W�D�F�L�M�H���� �%�X�G�X�ü�L�� �G�D�� �M�H�� �W�R�S�R�J�U�D�I�L�M�D�� �S�U�H�W�H�å�L�W�R�� �U�D�Y�Q�L�þ�D�U�V�N�D���� �F�L�M�H�O�R��
�S�R�G�U�X�þ�M�H���V�S�D�G�D���X���N�D�W�H�J�R�U�L�M�X���Q�D�J�L�E�D���P�D�Q�M�H�J���R�G��������. 
Faktorom oborina (P) �L�]�U�D�å�D�Y�D�� �V�H�� �V�S�R�V�R�E�Q�R�V�W�� �Y�R�G�H�� �G�D�� �S�U�H�Q�H�V�H�� �R�Q�H�þ�L�ã�ü�H�Q�M�H�� �N�U�R�]��
�Q�H�V�D�W�X�U�L�U�D�Q�X�� �]�R�Q�X�� �G�R�� �Y�R�G�Q�R�J�� �O�L�F�D���� �.�R�O�L�þ�L�Q�D�� �R�E�R�U�L�Q�D�� ���3Q) i intenzitet oborina (PI) su dva 
�R�E�L�O�M�H�å�M�D���N�R�M�D���R�G�U�H�ÿ�X�M�X���N�R�O�L�þ�L�Q�X���L�Q�I�L�O�W�U�D�F�L�M�H���L���V�O�X�å�H���]�D���S�U�R�F�M�H�Q�X���I�D�N�W�R�U�D���3�����9�U�L�M�H�G�Q�R�V�W���3Q se 
�R�G�U�H�ÿ�X�M�H�� �S�U�H�N�R�� �S�U�R�V�M�H�þ�Q�H�� �N�R�O�L�þ�L�Q�H�� �R�E�R�U�L�Q�D�� �X�� �Y�O�D�å�Q�R�M�� �J�R�G�L�Q�L�� �L�� �V�Y�U�V�W�D�Y�D�� �V�H�� �X�� �S�H�W�� �N�O�D�V�D���� �3I 
�S�R�G�I�D�N�W�R�U���M�H�� �Y�U�H�P�H�Q�V�N�D�� �U�D�V�S�R�G�M�H�O�D�� �R�E�R�U�L�Q�D�� �N�U�R�]�� �J�R�G�L�Q�X���� �D�� �G�R�E�L�M�H�� �V�H�� �W�D�N�R�� �G�D�� �V�H�� �S�U�R�V�M�H�þ�Q�D��
�J�R�G�L�ã�Q�M�D�� �N�R�O�L�þ�L�Q�D�� �R�E�R�U�L�Q�D�� �S�R�G�M�H�O�L�� �V�� �E�U�R�M�H�P�� �N�L�ã�Q�L�K�� �G�D�Q�D�� �X�� �J�R�G�L�Q�L���� �.�R�Q�D�þ�Q�D�� �Y�U�L�M�H�G�Q�R�V�W��
faktora P dobivena je zbrajanjem ova dva podfaktora. Ranjivost vodonosnika COP 
�P�H�W�R�G�R�P�� �V�H�� �S�U�L�N�D�]�X�M�H�� �Q�D�� �N�D�U�W�L�� �L�� �U�D�]�O�L�N�X�M�X�� �V�H�� �S�H�W�� �U�D�]�O�L�þ�L�W�L�K�� �N�O�D�V�D�� �U�D�Q�M�L�Y�R�V�W�L���� �R�Y�L�V�Q�R�� �R��
rasponima ukupnog COP indeksa, od vrlo niske do vrlo visoke. 
�1�D���L�V�W�U�D�å�L�Y�D�Q�R�P���S�R�G�U�X�þ�M�X�����S�U�H�P�D���U�H�]�X�O�W�D�W�L�P�D���S�Uocjene prirodne ranjivosti metodom COP, 
�ã�W�R���M�H���Y�L�G�O�M�L�Y�R���Q�D���N�D�U�W�D�P�D���U�D�Q�M�L�Y�R�V�W�L���]�D�ã�W�L�W�Q�D���X�O�R�J�D���S�R�N�U�R�Y�Q�L�K���Q�D�V�O�D�J�D���M�H���Y�U�O�R���L�]�U�D�å�H�Q�D�����ã�W�R��
je svakako posljedica velike debljine slabopropusnih slojeva iznad razine podzemne vode 
(Slika 2 i 3) ���.�R�S�L�ü���������������� 
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Slika 2. Karta prirodne ranjivosti vodonosnika za vrijeme niskih voda 
Figure 2. Map of the natural vulnerability of aquifers during low waters 

 
 

 
 

Slika 3. Karta prirodne ranjivosti vodonosnika za vrijeme visokih voda 
Figure 3. Map of the natural vulnerability of aquifers during high waters 

 
 
�6�S�H�F�L�I�L�þ�Q�L���I�D�N�W�R�U���6���]�D���R�Q�H�þ�L�ã�ü�H�Q�M�H���R�G���Q�L�W�U�D�W�D���L���O�L�Q�G�D�Q�D 
 
�2�V�Q�R�Y�D���]�D���S�U�R�F�M�H�Q�X���V�S�H�F�L�I�L�þ�Q�H���U�D�Q�M�L�Y�R�V�W�L���M�H���R�F�M�H�Q�D���S�U�L�U�R�G�Q�H���U�D�Q�M�L�Y�R�V�W�L���Y�R�G�R�Q�R�V�Q�R�J���V�X�V�W�D�Y�D��
kojoj se dodaje faktor S �± �V�S�H�F�L�I�L�þ�Q�L��faktor. �6�S�H�F�L�I�L�þ�Q�L���I�D�N�W�R�U���S�U�H�G�V�W�D�Y�O�M�D���]�Q�D�þ�D�M�N�H���V�W�L�M�H�Q�H���L��
�P�R�J�X�ü�L�� �N�D�S�D�F�L�W�H�W�� �N�R�M�L�� �ü�H�� �G�R�Y�H�V�W�L�� �G�R�� �V�Q�L�å�H�Q�M�D�� �R�Q�H�þ�L�ã�ü�H�Q�M�D���� �6�S�H�F�L�I�L�þ�Q�L�� �I�D�N�W�R�U�� �V�H�� �W�H�P�H�O�M�L�� �Q�D��
�L�]�U�D�þ�X�Q�D�Y�D�Q�M�X�� �I�D�N�W�R�U�D�� �Q�D�V�O�D�J�D�� �L�� �I�D�N�W�R�U�D�� �R�Q�H�þ�L�ã�ü�L�Y�D�þ�D���� �W�H�� �M�H�� �S�U�L�O�L�N�R�P�� �Q�M�H�J�R�Y�D�� �L�]�U�D�þ�X�Q�D��
potrebno uzeti u obzir �L���V�S�H�F�L�I�L�þ�Q�H���S�U�R�F�H�V�H���Q�D�V�W�D�O�H���]�E�R�J���V�Y�R�M�V�W�Y�D���W�O�D���L���V�Y�R�M�V�W�Y�D���R�Q�H�þ�L�ã�ü�H�Q�M�D�� 
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Lindan je registriran kao insekticid 1940. godine i spada u skupinu spojeva koji su vrlo 
�S�R�V�W�R�M�D�Q�L�� �X�� �S�U�L�U�R�G�L�� �L�� �S�U�H�G�V�W�D�Y�O�M�D�� �]�Q�D�þ�D�M�Q�X�� �S�U�L�M�H�W�Q�M�X�� �O�M�X�G�V�N�R�P�� �]�G�U�D�Y�O�M�X�� �L�� �R�N�R�O�L�ã�X����
Stockhomskom k�R�Q�Y�H�Q�F�L�M�R�P�� �L�]�� ������������ �J�R�G�L�Q�H�� �]�D�E�U�D�Q�M�H�Q�� �M�H�� �X�� ������ �]�H�P�O�M�H���� �R�J�U�D�Q�L�þ�H�Q�� �X�� ������
�]�H�P�O�M�H���D���U�H�J�L�V�W�U�L�U�D�Q���M�H���X���������]�H�P�D�O�M�D�����X���F�L�M�H�O�R�M���(�X�U�R�S�V�N�R�M���X�Q�L�M�L���]�D�E�U�D�Q�M�H�Q�R���M�H���N�R�U�L�ã�W�H�Q�M�H���W�H�N��
������������ �J�R�G�L�Q�H���� �,�D�N�R�� �S�R�G�U�X�þ�M�H�� �L�V�W�U�D�å�L�Y�D�Q�M�D�� �Q�L�M�H�� �R�N�D�U�D�N�W�H�U�L�]�L�U�D�Q�R�� �N�D�R�� �U�D�Q�M�L�Y�R�� �Q�D�� �Q�L�W�U�D�W�H��
obzirom na �2�G�O�X�N�X�� �R�� �X�W�Y�U�ÿ�L�Y�D�Q�M�X�� �U�D�Q�M�L�Y�L�K�� �S�R�G�U�X�þ�M�D�� �X�� �5�H�S�X�E�O�L�F�L�� �+�U�Y�D�W�V�N�R�M��(N.N. br. 
130/12) �U�D�G�L���V�H���R���S�R�G�U�X�þ�M�X���N�R�M�H���V�H���Q�D�M�Y�H�ü�L�P���G�M�H�O�R�P���E�D�Y�L���S�R�O�M�R�S�U�L�Y�U�H�G�Q�R�P���S�U�R�L�]�Y�R�G�Q�M�R�P���D��
�Q�D�M�þ�H�ã�ü�L�� �D�Q�W�U�R�S�R�J�H�Q�L�� �L�]�Y�R�U�L�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� �X�� �S�R�G�U�X�þ�M�L�P�D�� �Y�R�G�R�F�U�S�L�O�L�ã�W�D�� �V�X�� �Q�L�W�U�D�W�L�� �N�R�M�L�� �V�X�� �X��
podzemne vode dospjeli poljoprivrednim aktivnostima ���1�D�N�L�ü�� �L�� �V�X�U������ ����������. Istjecanje iz 
s�H�S�W�L�þ�N�L�K���M�D�P�D�����Q�H�L�]�J�U�D�ÿ�H�Q�L���L���Q�H�R�G�J�R�Y�D�U�D�M�X�ü�H���L�]�J�U�D�ÿ�H�Q�L���N�D�Q�D�O�L�]�D�F�L�M�V�N�L���V�X�V�W�D�Y�L�����D�W�P�R�V�I�H�U�V�N�D��
�G�H�S�R�]�L�F�L�M�D���L���S�U�L�P�M�H�Q�D���R�U�J�D�Q�V�N�L�K���J�Q�R�M�L�Y�D���G�R�S�U�L�Q�R�V�H���R�Q�H�þ�L�ã�ü�H�Q�M�X���Q�L�W�U�D�W�L�P�D�����N�D�R���L���S�U�R�E�O�H�P�L�P�D��
�S�R�Y�H�]�D�Q�L�P���V���W�L�P���R�Q�H�þ�L�ã�ü�H�Q�M�L�P�D��(Wakida i Lerner, 2005). Izgradnjom sustava odvodnje te 
�Q�D�þ�H�O�L�P�D���G�R�E�U�H���S�R�O�M�R�S�U�L�Y�U�H�G�Q�H���S�U�D�N�V�H���S�R�N�X�ã�D�Y�D���V�H���X�P�D�Q�M�L�W�L���U�L�]�L�N���R�G���G�L�I�X�]�Q�R�J���R�Q�H�þ�L�ã�ü�H�Q�M�D��
�Q�L�W�U�D�W�L�P�D�� �L�]�� �L�Q�W�H�Q�]�L�Y�Q�H�� �S�R�O�M�R�S�U�L�Y�U�H�G�H���� �3�U�L�P�M�H�Q�R�P�� �N�Y�D�Q�W�L�W�D�W�L�Y�Q�H�� �&�2�3�� �P�H�W�R�G�H�� �X�W�Y�U�G�L�W���ü�H�P�R��
�N�R�M�H���G�L�R���L�V�W�U�D�å�L�Y�D�Q�R�J���S�R�G�U�X�þ�M�D���Q�D�M�U�D�Q�M�L�Y�L�M�H���X���R�G�Q�R�V�X���Q�D���O�L�Q�G�D�Q���L���Q�L�W�U�D�We. 
�6�S�H�F�L�I�L�þ�Q�D���U�D�Q�M�L�Y�R�V�W���V�H���R�G�U�H�ÿ�X�M�H���X���ã�H�V�W�����N�R�U�D�N�D�����G�H�I�L�Q�L�U�D�Q�M�H�P���R�Q�H�þ�L�ã�ü�L�Y�D�þ�D���L���R�G�U�H�ÿ�L�Y�D�Q�M�H�P��
�S�R�W�H�Q�F�L�M�D�O�Q�L�K���S�U�R�F�H�V�D���N�R�M�L���X�W�M�H�þ�X���Q�D���]�D�G�U�å�D�Y�D�Q�M�H���R�Q�H�þ�L�ã�ü�L�Y�D�O�D���X���Q�H�V�D�W�X�U�L�U�D�Q�R�M���L�O�L���V�D�W�X�U�L�U�D�Q�R�M��
�]�R�Q�L���� �7�D�N�R�ÿ�H�U�� �W�U�H�E�D�� �Q�D�S�R�P�H�Q�X�W�L�� �G�D�� �V�H�� �R�F�M�H�Q�D�� �V�S�H�F�L�I�L�þ�Q�H�� �U�D�Q�M�L�Y�R�V�W�L�� �S�U�Rvodi za svako 
�S�R�M�H�G�L�Q�R�� �R�Q�H�þ�L�ã�ü�L�Y�D�O�R���� �6�X�P�D�U�Q�L�� �H�I�H�N�W�L�Y�Q�L�� �L�Q�G�H�N�V�� �S�U�R�F�H�V�D�� �S�U�H�P�D�� �S�U�H�G�O�R�å�H�Q�R�P�� �S�R�V�W�X�S�N�X��
�S�U�R�F�M�H�Q�H�� �V�S�H�F�L�I�L�þ�Q�H�� �U�D�Q�M�L�Y�R�V�W�L�� ���&�2�6�7�� ���������� �S�U�H�G�V�W�D�Y�O�M�D�� �]�Q�D�þ�D�M�N�H�� �V�O�R�M�D�� �L�� �S�R�Q�D�ã�D�Q�M�H��
�R�Q�H�þ�L�ã�ü�L�Y�D�O�D���P�H�ÿ�X�V�R�E�Q�R���X�V�N�O�D�ÿ�H�Q�H���]�D���S�R�M�H�G�L�Q�H���S�U�R�F�H�V�H���L���V�X�P�L�U�D�Q�H���X�Q�X�W�D�U���M�H�G�Q�R�J��sloja. Za 
procese za koje ne postoje fizikalno-�N�H�P�L�M�V�N�H�� �]�Q�D�þ�D�M�N�H�� �L�O�L�� �]�Q�D�þ�D�M�N�H�� �R�Q�H�þ�L�ã�ü�L�Y�D�O�D�� �L�O�L��
�S�R�G�O�R�J�H�����J�X�E�L���V�H���X�W�M�H�F�D�M���L���R�V�W�D�Q�X���V�D�P�R���R�Q�L���S�U�R�F�H�V�L���]�D���N�R�M�H���M�H���X�W�Y�U�ÿ�H�Q���X�W�M�H�F�D�M���R�Q�H�þ�L�ã�ü�L�Y�D�O�D���L��
naslaga. �'�H�I�L�Q�L�U�D�Q�L�P���N�R�U�D�F�L�P�D���G�R�E�L�Y�H�Q���M�H���V�F�H�Q�D�U�L�M���S�R�Q�D�ã�D�Q�M�D���O�L�Q�G�D�Q�D �N�R�M�L���V�H���X���W�O�X���]�D�G�U�å�D�Y�D��
�S�U�R�F�H�V�L�P�D���D�G�V�R�U�S�F�L�M�H���Q�D���þ�H�V�W�L�F�D�P�D���J�O�L�Q�H���L���R�U�J�D�Q�V�N�H���W�Y�D�U�L���L���D�H�U�R�E�Q�H���G�H�J�U�D�G�D�F�L�M�H�����1�L�W�U�D�W�L���X���W�O�X��
�V�H�� �]�D�G�U�å�D�Y�D�M�X�� �]�E�R�J�� �S�U�R�F�H�V�D�� �U�H�G�X�N�F�L�M�H�� �X�� �Q�L�W�U�L�W�H�� �L�O�L�� �D�P�R�Q�L�M�� �L�R�Q���� �.�D�N�R�� �V�X�� �Q�D�� �Q�D�Y�H�G�H�Q�R�P��
�S�R�G�U�X�þ�M�X�� �S�U�L�V�X�W�Q�L�� �U�H�G�X�N�W�L�Y�Q�L�� �X�Y�M�H�W�L���� �L�Q�G�H�N�V�� �]�D�G�U�å�D�Y�D�Q�M�D nitrata je dosta velik. Utjecaji 
pojedinih procesa se sumiraju (Tablica 1). 
 
Tablica 1. �.�R�Q�D�þ�Q�L���U�H�]�X�O�W�D�W�L���L�]�U�D�þ�X�Q�D���V�S�H�F�L�I�L�þ�Q�R�J���I�D�N�W�R�U�D���6���]�D���S�R�M�H�G�L�Q�D���R�Q�H�þ�L�ã�ü�L�Y�D�O�D���S�R���Y�U�V�W�D�P�D���Q�D�V�O�D�J�D 
Table 1. Final results of calculation of specific factor S for individual pollutants by types of deposits 
 

 Lindan 
Lindane 

Nitrati 
Nitrates 

Slabo propusne naslage/ 
Poorly permeable layers 

0,875 1 

Dobro propusne naslage/ 
Well-permeable layers 

0 1 

 
 
�,�Q�G�H�N�V���V�S�H�F�L�I�L�þ�Q�R�J���]�D�G�U�å�D�Y�D�Q�M�D���X���Q�H�N�R�M���W�R�þ�N�L���V�O�L�Y�D���G�R�E�L�M�H���V�H���]�E�U�D�M�D�Q�M�H�P���H�I�H�N�W�L�Y�Q�L�K���L�Q�G�H�N�V�D��
�S�R�M�H�G�L�Q�L�K���V�O�R�M�H�Y�D���L���P�R�U�D���E�L�W�L���S�R�]�L�W�L�Y�Q�D���Y�U�L�M�H�G�Q�R�V�W�����3�R�]�L�W�L�Y�Q�D���Y�U�L�M�H�G�Q�R�V�W���X�N�D�]�X�M�H���Q�D���S�U�X�å�D�Q�M�H��
�]�D�ã�W�L�W�H���Y�R�G�R�Q�R�V�Q�L�N�D���R�G���R�Q�H�þ�L�ã�ü�H�Q�M�D�����1�D���N�U�D�M�X���V�H���]�E�U�R�M�H���V�Y�L���L�Q�G�H�N�V�L���V�S�H�F�L�I�L�þ�Q�R�J���]�D�G�U�å�D�Y�D�Q�M�D��
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�]�D���S�R�M�H�G�L�Q�H���V�O�R�M�H�Y�H���S�R���G�X�E�L�Q�L�����.�U�D�M�Q�M�L���U�H�]�X�O�W�D�W���M�H���L�Q�G�H�N�V���V�S�H�F�L�I�L�þ�Q�R�J���]�D�G�U�å�D�Y�D�Q�M�D���X���V�Y�D�N�R�M��
�W�R�þ�N�L�� �S�U�R�P�D�W�U�D�Q�R�J�� �S�R�G�U�X�þ�M�D�� �L�� �L�V�W�L�� �S�U�H�G�V�W�D�Y�O�M�D�� �V�S�H�F�L�I�L�þ�Q�L�� �I�D�N�W�R�U�� �6�� �X�� �S�U�R�F�M�H�Q�L�� �V�S�H�F�L�I�L�þ�Q�H��
ranjivosti vodonosnika. Na kraju se faktor S prikazuje pom�R�ü�X�� �N�D�U�W�H�� �N�R�M�D�� �S�U�H�G�V�W�D�Y�O�M�D��
�S�U�R�V�W�R�U�Q�X�� �U�D�V�S�R�G�M�H�O�X�� �L�Q�G�H�N�V�D�� �V�S�H�F�L�I�L�þ�Q�R�J�� �]�D�G�U�å�D�Y�D�Q�M�D�� �]�D�� �S�R�M�H�G�L�Q�D�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� 
Slikama 4 i 5 ���.�R�S�L�ü���������������� 
Iz Slika 4 i 5 �Y�L�G�O�M�L�Y�R���M�H���G�D���S�R�V�W�R�M�L���V�W�D�Q�R�Y�L�W�D���U�D�]�O�L�N�D���X���S�U�R�F�L�M�H�Q�M�H�Q�R�P���L�Q�G�H�N�V�X���]�D�G�U�å�D�Y�D�Q�M�D��
lindana i nitrata. Naime, do r�D�]�O�L�N�H���M�H���G�R�ã�O�R���M�H�U���V�H���Q�L�W�U�D�W�L���S�R�G�M�H�G�Q�D�N�R���]�D�G�U�å�D�Y�D�M�X���L���X���G�R�E�U�R��
propusnim i u slabo propusnim naslagama, dok se lindan u dobro propusnim naslagama ne 
�]�D�G�U�å�D�Y�D�����D���X���V�O�D�E�R���S�U�R�S�X�V�Q�L�P���Q�D�V�O�D�J�D�P�D���]�D�G�U�å�D�Y�D���Q�H�ã�W�R���V�O�D�E�L�M�H���R�G���Q�L�W�U�D�W�D�� 
 

 
 

Slika 4. �,�Q�G�H�N�V���V�S�H�F�L�I�L�þ�Q�R�J���]�D�G�U�å�D�Y�D�Q�M�D���O�L�Q�G�D�Q�D 
Figure 4. Index of specific lindane retention 

 
 

 
 

Slika 5. �,�Q�G�H�N�V���V�S�H�F�L�I�L�þ�Q�R�J���]�D�G�U�å�D�Y�D�Q�M�D���Q�L�W�U�D�W�D 
Figure 5. Index of specific nitrate retention 
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�.�D�U�W�D�� �V�S�H�F�L�I�L�þ�Q�R�J�� �]�D�G�U�å�D�Y�D�Q�M�D�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� ��Slike 4 i 5), dobivena ranije spomenutim 
�Q�D�þ�L�Q�R�P���V�� �Y�U�L�M�H�G�Q�R�V�W�L�P�D���V�S�H�F�L�I�L�þ�Q�R�J���I�D�N�W�R�U�D���6���]�D���V�Y�D�N�R���S�R�M�H�G�L�Q�R���R�Q�H�þ�L�ã�ü�H�Q�M�H�����X���G�D�O�M�Q�M�H�P��
�S�R�V�W�X�S�N�X�� �V�H�� �]�E�U�D�M�D�� �V�� �Y�U�L�M�H�G�Q�R�V�W�L�� �I�D�N�W�R�U�D�� �2���� �L�]�U�D�þ�X�Q�D�W�R�J�� �N�R�G�� �S�U�R�F�M�H�Q�H�� �S�U�L�U�R�G�Q�H�� �U�D�Q�M�L�Y�R�V�W�L��
�Y�R�G�R�Q�R�V�Q�L�N�D�� �S�U�L�P�M�H�Q�R�P�� �&�2�3�� �P�H�W�R�G�H���� �1�D�� �W�D�M�� �Q�D�þ�L�Q�� �V�S�H�F�L�I�L�þ�Q�L�� �I�D�N�W�R�U�� �G�R�G�D�W�Q�R�� �G�R�S�U�L�Q�R�V�L��
�]�D�ã�W�L�W�Q�R�M���X�O�R�]�L���S�R�N�U�R�Y�Q�L�K���Q�D�V�O�D�J�D�����M�H�U���R�P�R�J�X�ü�D�Y�D���S�U�R�F�H�V�H���N�R�M�L���]�D�G�U�å�D�Y�D�M�X���R�Q�H�þ�L�ã�ü�H�Q�M�H���S�U�L�M�H��
�Q�H�J�R�� �ã�W�R�� �R�Q�R�� �G�R�V�S�L�M�H�� �G�R�� �S�R�G�]�H�P�Q�H�� �Y�R�G�H���� �1�D�N�R�Q�� �]�E�U�D�M�D�Q�M�D�� �]�D�ã�W�L�W�Q�H�� �I�X�Q�N�F�L�M�H�� �S�R�N�U�R�Y�Q�L�K��
�Q�D�V�O�D�J�D�����X���S�U�R�F�M�H�Q�X���V�H���X�N�O�M�X�þ�X�M�X���I�D�N�W�R�U�L���&���L���3���Srocijenjeni u metodi prirodne ranjivosti, pa 
�L�]�U�D�]���]�D���L�]�U�D�þ�X�Q���V�S�H�F�L�I�L�þ�Q�H���U�D�Q�M�L�Y�R�V�W�L���S�R���&�2�3���P�H�W�R�G�L���J�O�D�V�L���� 
 

    C * (O + S) * P = COP�V�S�H�F�L�I�L�þ�Q�R    (1) 
 

�8�� �V�O�X�þ�D�M�X�� �ã�L�U�H�J�� �S�R�G�U�X�þ�M�D�� �U�H�J�L�R�Q�D�O�Q�R�J�� �F�U�S�L�O�L�ã�W�D�� �Ä�,�V�W�R�þ�Q�D�� �6�O�D�Y�R�Q�L�M�D�³�� �S�U�L�U�R�G�Q�D�� �U�D�Q�M�L�Y�R�V�W��
procijenjena COP me�W�R�G�R�P�� �M�H�� �Y�H�ü�� �L�]�U�D�]�L�W�R�� �Q�L�V�N�D���� �W�D�N�R�� �G�D�� �M�H�� �X�W�M�H�F�D�M�� �L�Q�G�H�N�V�D�� �V�S�H�F�L�I�L�þ�Q�R�J��
�]�D�G�U�å�D�Y�D�Q�M�D�� �Q�H�G�R�Y�R�O�M�Q�R�� �L�]�U�D�å�H�Q���� �.�D�U�W�D�� �V�S�H�F�L�I�L�þ�Q�H�� �U�D�Q�M�L�Y�R�V�W�L�� �]�D�� �R�Q�H�þ�L�ã�ü�H�Q�M�H�� �Q�L�W�U�D�W�L�P�D�� �L��
lindanom prikazane su na Slikama 5 i 6 ���.�R�S�L�ü��������������. 
 

 
 

Slika 5. �.�D�U�W�D���V�S�H�F�L�I�L�þ�Q�H���U�D�Q�M�L�Y�R�V�W�L���Y�R�G�R�Q�Rsnika za vrijeme visokih voda-nitrati 
Figure 5. Map of specific aquifer vulnerability during high water-nitrates 

 

 
 

Slika 6. �.�D�U�W�D���V�S�H�F�L�I�L�þ�Q�H���U�D�Q�M�L�Y�R�V�W�L���Y�R�G�R�Q�R�V�Q�L�N�D���]�D���Y�U�L�M�H�P�H���Y�L�V�R�N�L�K���Y�R�G�D- lindan 
Figure 6. Map of specific aquifer vulnerability during high water-lindane 
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Slike 5 i 6 �X�N�D�]�X�M�X���Q�D���G�R�V�W�D���G�R�E�U�R���S�U�H�N�O�D�S�D�Q�M�H���U�D�]�L�Q�D���V�S�H�F�L�I�L�þ�Q�H���U�D�Q�M�L�Y�R�V�W�L���Y�R�G�R�Q�R�V�Q�L�N�D���Q�D��
�Q�L�W�U�D�W�H�� �L�� �O�L�Q�G�D�Q���� �L�D�N�R�� �V�X�� �S�R�V�W�R�M�D�O�H�� �U�D�]�O�L�N�H�� �X�� �L�]�U�D�þ�X�Q�X�� �I�D�N�W�R�U�D�� �V�S�H�F�L�I�L�þ�Q�R�J�� �]�D�G�U�å�D�Y�D�Q�M�D�� �]�D��
�M�H�G�Q�R�� �L�� �G�U�X�J�R�� �V�S�R�P�H�Q�X�W�R�� �R�Q�H�þ�L�ã�ü�L�Y�D�O�R���� �1�D�L�P�H���� �]�D�ã�W�L�W�Q�D��funkcija pokrovnih naslaga 
�S�U�R�F�L�M�H�Q�M�H�Q�D�� �X�� �S�U�L�U�R�G�Q�R�M�� �U�D�Q�M�L�Y�R�V�W�L�� �S�R�Q�L�ã�W�L�O�D�� �M�H�� �W�X�� �U�D�]�O�L�N�X���� �S�D�� �M�H�� �P�R�J�X�ü�H�� �W�D�� �R�Q�H�þ�L�ã�ü�H�Q�M�D��
�L�V�W�R�Y�M�H�W�Q�R���S�U�R�P�D�W�U�D�W�L�����0�D�Q�M�H���U�D�]�O�L�N�H���N�R�M�H���V�H���L�S�D�N���M�D�Y�O�M�D�M�X���X���U�D�V�S�R�G�M�H�O�L���N�D�W�H�J�R�U�L�M�D���V�S�H�F�L�I�L�þ�Q�H��
ranjivosti posljedica su raspodjele dobro prop�X�V�Q�L�K���Q�D�V�O�D�J�D���Q�D���S�R�G�U�X�þ�M�X���L�V�W�U�D�å�L�Y�D�Q�M�D�� 
 
�=�D�N�O�M�X�þ�F�L 
 
�3�U�L�P�M�H�Q�R�P�� �&�2�3�� �P�H�W�R�G�H�� �L�]�Y�U�ã�H�Q�D�� �M�H�� �S�U�R�F�M�H�Q�D�� �S�U�L�U�R�G�Q�H�� �L�� �V�S�H�F�L�I�L�þ�Q�H�� �U�D�Q�M�L�Y�R�V�W�L��
�S�U�H�N�R�J�U�D�Q�L�þ�Q�R�J�� �Y�R�G�R�Q�R�V�Q�L�N�D�� �Q�D�� �U�H�J�L�R�Q�D�O�Q�R�P�� �F�U�S�L�O�L�ã�W�X�� �Ä�,�V�W�R�þ�Q�D�� �6�O�D�Y�R�Q�L�M�D�³ Sikirevci. Iz 
�U�H�]�X�O�W�D�W�D���M�H���Y�L�G�O�M�L�Y�R���G�D���M�H���J�O�D�Y�Q�L�Q�D���S�R�G�U�X�þ�M�D���L�V�W�U�D�å�L�Y�D�Q�M�D���S�U�R�F�L�M�H�Q�M�H�Q�D���X���N�D�W�H�J�R�U�L�M�L���Y�U�O�R���Q�L�V�N�H��
�U�D�Q�M�L�Y�R�V�W�L�� �Q�D�� �R�Q�H�þ�L�ã�ü�H�Q�M�H�� �O�L�Q�G�D�Q�R�P�� �L�� �Q�L�W�U�D�W�L�P�D���� �3�R�G�U�X�þ�M�H�� �Q�L�V�N�H�� �V�S�H�F�L�I�L�þ�Q�H�� �U�D�Q�M�L�Y�R�V�W�L�� �Q�D��
�Q�L�W�U�D�W�H�� �L�� �O�L�Q�G�D�Q�� �Q�D�O�D�]�L�� �V�H�� �Q�D�� �V�U�H�G�L�ã�Q�M�H�P�� �G�L�M�H�O�X�� �S�R�G�U�X�þ�M�D���L�V�W�U�D�å�L�Y�D�Q�M�D���� �X�� �S�U�R�V�W�R�U�X�� �J�G�M�H�� �V�X��
�U�D�]�L�Q�H�� �S�R�G�]�H�P�Q�H�� �Y�R�G�H�� �X�� �Y�U�L�M�H�P�H�� �Y�L�V�R�N�L�K�� �Y�R�G�D�� �Q�D�M�E�O�L�å�H�� �S�R�Y�U�ã�L�Q�L���� �W�M���� �G�H�E�O�M�L�Q�D�� �Q�H�]�D�V�L�ü�H�Q�H��
�]�R�Q�H���Q�D�M�P�D�Q�M�D�����-�H�G�L�Q�R���M�H���S�R�G�U�X�þ�M�H���U�L�M�H�N�H���6�D�Y�H���R�N�D�U�D�N�W�H�U�L�]�L�U�D�Q�R���N�D�R���Y�L�V�R�N�R���L���V�U�H�G�Q�M�H���U�D�Q�M�L�Y�R��
�Q�D�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� �Q�L�W�U�D�W�L�P�D�� �L�� �O�L�Q�G�D�Q�R�P���� �ã�W�R�� �M�H���L�� �U�D�]�X�P�O�M�L�Y�R���� �M�H�U�� �V�H�� �U�D�G�L�� �R�� �S�R�Y�U�ã�L�Q�V�N�R�P��
�Y�R�G�R�W�R�N�X�� �N�R�M�L�� �S�U�L�K�U�D�Q�M�X�M�H�� �R�N�R�O�Q�R�� �S�R�G�U�X�þ�M�H���� �â�L�U�H�� �S�R�G�U�X�þ�M�H�� �U�H�J�L�R�Q�D�O�Q�R�J�� �F�U�S�L�O�L�ã�W�D�� �Ä�,�V�W�R�þ�Q�D��
�6�O�D�Y�R�Q�L�M�H�³�� �Q�D�O�D�]�L�� �V�H�� �M�H�G�Q�L�P�� �G�L�M�H�O�R�P�� �X�� �N�D�W�H�J�R�U�L�M�L�� �Y�U�O�R�� �Q�L�V�N�H�� �U�D�Q�M�L�Y�R�V�W���� �D�� �M�H�G�Q�L�P�� �G�L�M�H�O�R�P�� �X��
�N�D�W�H�J�R�U�L�M�L���Q�L�V�N�H���U�D�Q�M�L�Y�R�V�W�L���Q�D���R�Q�H�þ�L�ã�üenje na nitrate i lindan prema COP metodi ukazuje da 
�M�H���S�R�G�]�H�P�Q�D���Y�R�G�D���W�R�J���Y�R�G�R�F�U�S�L�O�L�ã�W�D���S�U�L�U�R�G�Q�R���G�R�E�U�R���]�D�ã�W�L�ü�H�Q�D���R�G���V�S�R�P�H�Q�X�W�L�K���R�Q�H�þ�L�ã�ü�H�Q�M�D�� 
�=�D�ã�W�L�W�D�� �Y�R�G�R�Q�R�V�Q�L�N�D���� �R�G�Q�R�V�Q�R�� �L�]�Y�R�U�L�ã�W�D���� �N�U�R�]�� �R�F�M�H�Q�H�� �U�D�Q�M�L�Y�R�V�W�L�� �Q�L�M�H�� �M�R�ã�� �X�Y�L�M�H�N�� �S�U�H�S�R�]�Q�D�W�D��
�N�D�R�� �Y�D�å�D�Q�� �G�L�R�� �]�D�ã�W�L�W�H�� �S�R�G�]�H�P�Q�L�K�� �Y�R�G�D�� �X�� �5�H�S�X�E�O�L�F�L�� �+�U�Y�D�W�V�N�R�M���� �.�D�U�W�H�� �S�U�L�U�R�G�Q�H���L�� �V�S�H�F�L�I�L�þ�Q�H��
�U�D�Q�M�L�Y�R�V�W�L���S�R�W�U�H�E�Q�R���M�H���N�R�U�L�V�W�L�W�L�����N�R�G���G�H�I�L�Q�L�U�D�Q�M�D���]�R�Q�D���V�D�Q�L�W�D�U�Q�H���]�D�ã�W�L�W�H���S�L�W�N�H���Y�R�G�H�����N�D�R���L���N�R�G��
�G�R�Q�R�ã�H�Q�M�D�� �R�G�O�X�N�D�� �X�� �R�N�Y�L�U�X�� �S�U�R�V�W�R�U�Q�R�J�� �S�O�D�Q�L�U�D�Q�M�D���� �W�D�N�R�� �G�D�� �V�H�� �G�L�M�H�O�R�Y�L�� �ã�L�U�H�J�� �S�R�G�U�X�þ�M�D��
�L�V�W�U�D�å�L�Y�D�Q�M�D���L�]�G�Y�R�M�H�Q�L���N�D�R���P�D�Q�M�H���U�D�Q�M�L�Y�L���Q�D�P�M�H�Q�L���]�D���G�D�O�M�Q�M�L���J�R�V�S�R�G�D�U�V�N�L���U�D�]�Y�R�M���S�R�G�U�X�þ�M�D���X�]��
�X�Y�D�å�D�Y�D�Q�M�H���R�S�ü�L�K���P�M�H�U�D���]�D�ã�W�L�W�H�� 
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EVALUATION OF SPECIFIC VULNERABILITY OF THE AQUIFERS ON 
NITRATES AND LINDANE IN THE REGIONAL AREA OF THE 

REGIONAL WELL FIELD "EASTERN SLAVONIA" ACCORDING TO 
EUROPEAN ECOLOGICAL STANDARDS  

UDC: 628.14 : 004.057.2 EU 
628.14 : 502. 14 

�-�D�V�Q�D���.�R�S�L�ü1, Sanja Gongeta2 

 
1�9�L�Q�N�R�Y�D�þ�N�L���9�R�G�R�Y�R�G���L���N�D�Q�D�O�L�]�D�F�L�M�D���G���R��o., �'�U�D�J�X�W�L�Q�D���ä�D�Q�L�ü�D- Karle 47a, 32100 Vinkovci, Croatia 
2�&�R�O�O�H�J�H�� �R�I�� �$�S�S�O�L�H�G�� �6�F�L�H�Q�F�H�V�� ���/�D�Y�R�V�O�D�Y�� �5�X�å�L�þ�N�D���� �L�Q�� �9�X�N�R�Y�D�U���� �ä�X�S�D�Q�L�M�V�N�D�� �������� ������������ �9�X�N�R�Y�D�U����
Croatia 

professional paper 
Summary 

 
Aquifers in the area of eastern Slavonia belong to the alluvial deposits of the river Bosna, where the 
"Eastern Slavonia" well field Sikirevci is based. This paper defines the geographic surface of the 
aquifer Velika Kopanica and analyzes the roof covering of groundwater in terms of groundwater 
protection and presents researches conducted on the basis of field recognification and data collected 
from the territory of the Federation of Bosnia and Herzegovina and the Republic of Croatia. 
European ecological standards are among the highest in the world so the "European approach" is 
being used to assessing specific vulnerability and the protocol proposed under the COST Action 620 
project and using the COP method to assess the specific vulnerability of the aquifers on Nitrate and 
Lindane. Finally, the paper presents the results of the exploration of groundwater flowing on the hail 
of the inflow area and compares the percentage of iron, manganese, natural ammonia and arsenic 
values in drinking water supply according to European legal regulation. 
 
Keywords: European ecological standards, evaluation of specific vulnerability of the aquifer, 
�U�H�J�L�R�Q�D�O���Z�H�O�O���I�L�H�O�G���³�(�D�V�W�H�U�Q���6�O�D�Y�R�Q�L�D�´ 
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ARSENIC CONTAMINATION OF SEAWATER AND FISH FROM BAR 
REGION (MONTENEGRO)  

UDC: 551.463 : 543.3(497.16 Bar) 
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4University Business Academy, Faculty of Economics and Engineering Management, Novi Sad, Serbia 

original scientific paper 
Summary 

 
Arsenic (As) and inorganic arsenic compounds have been classified by the International Agency for 
Research on Cancer (IARC) as carcinogenic to humans (Group 1), because of the increased cancer 
incidences at certain sites in people exposed to arsenic at work, environment or through the diet. Arsenic is 
widely distributed in nature and commonly associated with the mines and ores such as lead, copper and 
gold. Elemental arsenic occurs rarely, therefore it is usually found in four oxidation states: As(-III), As(0), 
As(III), and As(V). In natural waters, arsenic is frequently found in an inorganic form as oxyanions of 
trivalent arsenite or pentavalent arsenate. The average arsenic concentrations in the open seawater are 
typically around 1.5 mg/L and usually show little variation. However, the concentrations are variable in the 
coastal seawater, as they are conditioned by the river inputs, salinity or redox gradients. The water was 
sampled twice a year at three localities, on two depths. The fish were collected from the daily catch of the 
local fisherman by the random principal choice. The presence of arsenic in water samples and fish muscle 
tissue was detected applying Atomic Absorption Spectroscopy (HG/CV-AAS) by the Thermo electron S2 
AA System. Arsenic was below the limit of detection only once during the study, at locality Sutomore, in 
January, from the water sampled in the open seawater. The highest arsenic concentration was obtained in 
�W�K�H�� �Z�D�W�H�U�� �V�D�P�S�O�H�G�� �L�Q���W�K�H�� �V�D�P�H�� �S�H�U�L�R�G���� �E�X�W���D�W�� �9�R�O�X�M�L�F�D�� �O�R�F�D�O�L�W�\�� ������������ �—�J���/���� The presence of arsenic was 
detected in all eight prospected fish species. The highest concentrations and above maximum allowed 
concentrations were obtained in muscle tissue of two skate species, Raja montagui (3.05 mg/kg) and R. 
miraletus (2.47 mg/kg). Regarding the proven risk of arsenic on human health and the environmental 
conditions, continuous monitoring of water, sediment and fish should be implemented in order to assess 
arsenic concentrations and if possible, reduce its sources in seawater. 
 
Keywords: arsenic, marine water, sediment, contamination, Montenegro 
 
Introduction  
 
International Agency for Research on Cancer (IARC) classified arsenic (As) and the 
inorganic arsenic compounds as human carcinogens (Group 1) according to the combined 
results of the epidemiological studies, carcinogenicity studies on experimental animals, as 
                                                 
*petra@polj.uns.ac.rs 
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well as the data regarding the chemical characteristics, metabolism and modes of 
carcinogenic actions. IARC has also highlighted the increased cancer incidences at certain 
localities in people exposed to the arsenic at work, in the environment or through the diet 
(ATSDR, 2007). 
Arsenic is a naturally occuring element, widely distributed in nature and commonly 
associated with the mines and ores such as lead, copper and gold. Elemental arsenic occurs 
rarely, therefore it is usually found in four oxidation states: As(-III), As(0), As(III) and 
As(V). Generally, it is combined with other elements, such as oxygen, chlorine and sulfur. 
Inorganic arsenic compunds, such as arsenic trioxide, sodium arsenite and arsenic 
trichloride are the most common trivalent compounds, and arsenic pentoxide, arsenic acid 
and arsenates (lead arsenate and calcium arsenate) are the most common pentavalent 
compounds. Common organic arsenic compounds are arsanilic acid, methylarsonic acid, 
dimethylarsinic acid (cacodylic acid) and arsenibetaine (EFSA, 2014). 
About 90% of the total produced arsenic has been used as a wood preservative medium - 
copper chromated arsenate (CCA), where the treated wood is resistant to rotting and decay. 
In the last century the inorganic arsenic and its compounds were predominantly used in 
agriculture as pesticides, especially for cotton and in orchards (ATSDR, 2007). Although 
its use was banned, organic arsenic compounds, such as cacodylic acid, disodium 
methylarsenate (DSMA) and monosodium methylarsenate (MSMA), are still used as 
pesticides in cotton production and golf field maintenance in United States of America 
(ATSDR, 2007). The use of organic arsenic compunds was frequent in livestock 
production, as additives in animal feed (ATSDR, 2007). In order to form the metal 
mixtures or alloys with the improved properties, low levels of elemental arsenic are added 
to other metals. Nevertheless, today, the greatest use of arsenic is in lead-acid batteries for 
automobiles and in semiconductors and light-emitting diodes (ATSDR, 2007). 
Since it is a natural element, arsenic may enter the air, water and soil from wind-blown 
dust, runoff and leaching. The arsenic is usually released in the atmosphere through 
volcanic eruptions, mining and smelting copper and lead and from coal-fired plants and 
incinerators. Once released, arsenic changes its forms by reactions with other moleculs 
present in the air, soil or water. The most of the arsenic compounds are soluble in water, so 
it easily gets into the lakes, rivers, oceans, underground waters, rain and snow. Ultimately, 
most arsenic ends up in the water sediment. In natural waters, arsenic is frequently found 
in an inorganic form as oxyanions of trivalent arsenite or pentavalent arsenate. The average 
arsenic concentrations in the open seawater are typically around 1.5 mg/L and usually 
show little variation (Smedley and Kinniburgh, 2001). However, the concentrations are 
variable in the coastal seawater, as they are conditioned by the river inputs, salinity or 
redox gradients. 
The main source of arsenic intake for human is through the diet and very small percentage 
through the air and drinking water. The predominant dietary source of arsenic is seafood, 
rice and rice cereals, mushrooms and poultry (EFSA, 2014). Although the seafood contains 
the greatest amount of arsenic, in fish and shelfish it can be found in anorganic form of 



8th International Conference WATER FOR ALL 
21-22 March 2019 

Osijek, Croatia 
Zbornik radova  / Proceedings 
 

 

15 

arsenobetaine, which is less harmful. The inorganic and more harmful forms of arsenic are 
usually found in seaweed. Although high heavy metal concentrations may exist in the 
water, it does not necessary comprise direct toxicological risk to fish, especially in the 
absence of significant bioaccumulation (Alina et al., 2012). Nevertheless, certain fish and 
shellfish species, even in low heavy metal concentrations exhibit toxic effects, because of 
the bioaccumulation and magnification in their bodies. Thus, heavy metal pollution 
represents a serious concern to human health. 
The aim of this research was to obtain data on arsenic contamination in water and fish 
from the Bar coastal region. 
 
Materials and methods 
 
The water and fish were sampled twice during 2018 (August and January) at three localities in 
the Bar region: Volujica, Bar harbour and Sutomore. The water samples were collected with a 
Friedinger sampler (1L) from two depths of the water column and two points regarding the 
distance to coast. The water was stored in the polyethylene bottles and preserved with nitric 
acid (1:1). The fish were collected from the daily catch of the local fisherman by the random 
principal choice. During the research period, eight fish species were collected: Mullus 
surmuletus Linnaeus, 1758 (surmullet or striped red mullet); Raja montagui (Fowler, 1910) 
(spotted ray) and Lophius budegassa Spinola, 1807 (blackbellied angler) from Volujica; Solea 
solea (Linnaeus, 1758) (common sole); Mugil cephalus Linnaeus, 1758 (flathead grey mullet) 
and Raja miraletus Linnaeus, 1758 (brown ray) from Bar harbour; Pagellus erythrinus 
(Linnaeus, 1758) (common pandora); Trachurus mediterraneus (Steindachner, 1868) 
(Mediterranean horse mackerel) and R. miraletus from Sutomore. 
The water and fish samples were prepared for arsenic testing according to Rice et al. 
(2012). The arsenic contamination was tested using Atomic Absorption Spectroscopy 
(AAS) by the Thermo electron S2 AA System. The standard metal solution (stock solution, 
1000 mg/L) was made by dissolving 1 g of metal or its salt (calculated on 1 g of metal) in 
hydrochloric acid (1:1). Diluting the stock solution (with water), a series of lower 
concentrations of metal were prepared. 
 
Results and discussion 
 
The highest arsenic concentration was obtained in the water sample from January, 2018, in the 
open �V�H�D�Z�D�W�H�U�� �D�W�� �9�R�O�X�M�L�F�D�� �O�R�F�D�O�L�W�\�� ������������ �—�J���/������ �7�K�H�� �K�L�J�K�H�U�� �D�U�V�H�Q�L�F�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V�� �Z�H�U�H��
expected in the coastal water samples, due to the industrial and communal wastewater impact 
and drained water from the surrounding arable lands (Kragulj, 2018). Arsenic was below the 
limit of detection only once during the study, at locality Sutomore, also in January, 2018, from 
the water sampled in the open seawater. The arsenic contamination of water samples is 
presented in Table 1. The concentrations of arsenic in fish muscle tissue are shown in Table 2. 
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Table 1. Arsenic contamination of water samples 
 

Locality  

August January 

Depth 
(m) 

Water 
samples 
�����J���/�� 

Depth 
(m) 

Water 
samples 
�����J���/�� 

Depth 
(m) 

Water 
samples 
�����J���/�� 

Depth 
(m) 

Water 
samples 
�����J���/�� 

Coastal area Open sea Coastal area Open sea 

Volujica 
0.5 1.23 5.0 2.18 0.5 2.29 5.0 3.43 
3.0 0.07 10.0 0.45 3.0 1.13 10.0 0.81 

Bar 
harbour 

0.5 2.15 5.0 2.75 0.5 3.14 5.0 3.21 
3.0 1.94 10.0 0.44 3.0 2.95 10.0 1.14 

Sutomore 
0.5 0.30 5.0 0.70 0.5 1.70 5.0 - 
3.0 0.45 10.0 1.87 3.0 2.18 10.0 1.34 

 
 
Table 2. Arsenic concentrations in sampled fish 
 

 Species 

Average 
concentration of 

detected As 
(mg/kg) 

Diet* Feeding habit* 

Volujica 

Mullus surmuletus 2.07 
zoobenthos, 
detritus, 
zooplankton 

demersal: 
hunting macrofauna 
(predator) 

Raja montagui 3.05 zoobenthos 
demersal:  
hunting macrofauna 
(predator) 

Lophius budegassa 2.13 nekton 
bathydemersal: 
hunting macrofauna 
(predator) 

Bar harbour 

Solea solea 0.09 zoobenthos 
demersal: 
hunting macrofauna 
(predator) 

Mugil cephalus 0.03 
zooplankton, 
zoobenthos, 
detritus, plants 

benthopelagic: variable 

Raja miraletus 2.26 zoobenthos 
demersal: 
hunting macrofauna 
(predator) 

Sutomore 

Pagellus erythrinus 0.15 
zoobenthos, 
zooplankton, 
nekton 

benthopelagic: hunting 
macrofauna (predator) 

Trachurus mediterraneus 1.20 
zooplankton, 
nekton 

pelagic-oceanic: 
hunting macrofauna 
(predator) 

Raja miraletus 2.47 zoobenthos 
demersal:  
hunting macrofauna 
(predator) 

*according to www.fishbase.in 
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According to SCOOP (Scientific Cooperation on Questions relating to Food, 2004), the total 
arsenic concentrations in most foods other than fish, seafood and rice were in the low range of 
0.0005 to 0.020 mg/kg; exceptions were dry tea and coffee powder (0.144 mg/kg), salt and spices 
(0.097-0.219 mg/kg) and food supplements such as algae preparations (2-42 mg/kg) (all 
expressed on a dry mass basis). The same source showed that the average total arsenic 
concentrations in a mix of marine and freshwater fish and other seafood ranged from 0.100 to  
1.8 mg/kg. According to EFSA (2014), humans may be exposed to organic arsenicals (mainly 
arsenic acid methyl and phenyl derivates) that are used in agriculture and to organic arsenic 
usually found in fish, shellfish and seaweed (arsenobetaine and arsenocholine). 
The highest arsenic concentrations were obtained in muscle tissue of two skate species,  
R. montagui (3.05 mg/kg) and R. miraletus (2.47 mg/kg). These species are small skates, one of 
the most abundant and widespread species found in the shallow shelf seas and inshore waters 
of the Mediterranean Sea. Juveniles can be found closer to shore on sandy sediments, while 
adults are common further offshore on sand and coarse sand-gravel substrates. Juveniles feed 
on small crustaceans and adults on larger crustaceans and fish (Ellis et al., 2007). According to 
Smale et al. (2009), the small adult size of R. montagui and R. miraletus suggests that these 
species have a relatively short generation time and a high capacity to replace numbers lost to 
exploitation and predation. Edmonds and Francesconi (1981) and De Clerck et al. (1990) found 
a positive correlation between arsenic concentrations and fish size, although arsenic 
bioaccumulation in the function of a fish size is still under discussion. 
The high arsenic concentrations in Raja species are conditioned by their place in the food 
chain, as well as their preference to live at the sea bottom, closely to the sediment, which is 
also contaminated. The obtained results are in accordance with Alina et al. (2012), who 
have also found the highest arsenic concentrations in long-tailed butterfly ray (Gymnura 
poecilura Shaw, 1804) among twelve prospected fish species (6.57 mg/kg). 
According to EFSA (2014), the highest concentrations of the total arsenic were found in shrimp 
(Pandalus borealis), with a concentration range from 13 to 96 mg/kg, while high 
concentrations were also observed for Atlantic cod (Gadus morhua) from 0.5 to 52 mg/kg, and 
haddock (Melanogrammus aeglefinus) from 3 to 23 mg/kg. According to Julshamn et al. 
(2004), Norwegian fish showed arsenic concentrations in individual specimens of less than 
approximately 5 mg/kg. The percentage of inorganic arsenic to total arsenic in fish fillets for 
about 20 species caught in the open sea off the Norwegian coast was 0.1% (except for tuna fish 
which was about 9%), and for blue mussels the percentage was on average 1%. Sirot et al. 
(2009) have found the highest total arsenic concentrations of 12 to 34 mg/kg in bottom 
dwelling fish species, with the highest concentrations of inorganic arsenic varying from 0.068 
to 0.073 mg/kg in the French coastal region. The study from the Slovak Republic reported a 
mean value of total arsenic of 0.277 mg/kg in fish and fish products, with a range of  
�������������P�J���N�J���D�Q�G���������������P�J���N�J���I�R�U���G�L�I�I�H�U�H�Q�W���F�D�W�H�J�R�U�L�H�V�����3�D�Y�O�R�Y�L�þ�i���D�Q�G���â�D�O�J�R�Y�L�þ�R�Y�i���������������� 
De Gieter et al. (2002) highlighted that fish accumulate arsenic predominantly via diet, but 
in contrast to mercury, arsenic does not seem to biomagnify in their bodies. According to 
Mason et al. (2000) there were no detected differences in the arsenic levels in different 
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species of fish regarding food source (herbivorous, insectivorous, and carnivorous species), 
while great differences in arsenic concentration were reported in fillets of oily (i.e. herring) 
and lean fish (i.e. cod). 
Bioaccumulation of a certain chemical refers to the net accumulation by aquatic organisms as a 
result of an uptake from all environmental sources, such as water, food and sediment, whereas 
bioconcentration refers to the uptake through the water only. The arsenic derivates that tend to 
�D�F�F�X�P�X�O�D�W�H�� �L�Q�� �I�L�V�K�� �D�Q�G�� �V�K�H�O�O�I�L�V�K���� �D�O�V�R�� �U�H�I�H�U�U�H�G�� �D�V�� �³�I�L�V�K�� �D�U�V�H�Q�L�F�´�� ���D�U�V�H�Q�R�E�H�W�D�L�Q�H�� �D�Q�G��
arsenocholine), have been found to be essentially nontoxic (Yamauchi et al., 1986;  
Brown et al., 1990). Schoof et al. (1999) calculated that inorganic arsenic in seafood sampled 
from the market ranged from <0.001 to 0.002 mg/kg. Nevertheless, Meacher et al. (2002) 
concluded that the arsenic intake from the air and soil is usually much lower than from food 
and water. According to Williams et al. (2006), arsenic bioaccumulation in the aquatic 
ecosystems is dependent on environmental conditions, species diversity and richness, trophic 
status within the food chain and the uptake route. In aquatic food chains arsenic 
bioaccumulation does not appear to be significant (Mason et al., 2000; Williams et al., 2006). 
Arsenic bioconcentration primarily occurs in algae, aquatic invertebrates and lower members 
of an aquatic food chain. Usually, bottom-feeding and dwelling fish are exposed to the greater 
quantities of different metals including arsenic, as well as other pollutants and contaminants. 
Conversely, Mason et al. (2000) highlighted that regardless all the factors that affect arsenic 
bioaccumulation, no evidence of biomagnification was found, since arsenic concentrations in 
organisms tended to decrease with an increasing tropic level. 
 
Conclusion 
 
Due to the protein composition and high concentrations of essential fatty acids, such as 
docosahexaenoic acid (omega-3 fatty acid), fish meat has a great potential in 
cardiovascular disease prevention, obesity control and brain development and functions. 
On the other hand, fish may also contain toxic and heavy metals that can induce serious 
disorders in human metabolism, poisoning and disease occurrence. Regarding the proven 
risk of arsenic on human health and the environmental conditions, continuous monitoring 
of water, sediment and fish should be implemented in order to assess arsenic 
concentrations and if possible, reduce its sources in seawater. 
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�$�Q�D�O�L�]�R�P�� �M�H�� �R�E�X�K�Y�D�ü�H�Q�R�� �������������� �K�D�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�L�K�� �S�R�Y�U�ã�L�Q�D�� �Q�D�� �S�R�G�U�X�þ�M�X�� �=�D�G�D�U�V�N�H�� �å�X�S�D�Q�L�M�H���� �N�R�M�H�� �V�X��
�S�R�G�L�M�H�O�M�H�Q�H���X���������I�X�Q�N�F�L�R�Q�D�O�Q�L�K���F�M�H�O�L�Q�D�����3�R�W�U�H�E�Q�H���N�R�O�L�þ�L�Q�H���Y�R�G�H���]�D���Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H���S�U�H�G�P�H�W�Q�L�K���S�R�Y�U�ã�L�Q�D���X��
�V�X�ã�Q�R�M���J�R�G�L�Q�L���L�]�Q�R�V�H�������������P�L�O�����P3. U tom �R�E�L�P�X�����Q�D���R�Y�R�P���S�U�R�V�W�R�U�X�����V�X���N�D�R���P�R�J�X�ü�L���L�]�Y�R�U�L���L�G�H�Q�W�L�I�L�F�L�U�D�Q�L��
�V�O�L�Y�R�Y�L���/�L�þ�N�R�J���S�O�D�W�R�D���L���V�O�L�Y���U�L�M�H�N�H���=�U�P�D�Q�M�H�����3�U�L���E�L�O�D�Q�F�L�U�D�Q�M�X���U�D�V�S�R�O�R�å�L�Y�L�K���N�R�O�L�þ�L�Q�D���Y�R�G�H���X�Y�D�å�H�Q�L���V�X���]�D�K�W�M�H�Y�L��
�V�Y�L�K�� �Ä�N�R�U�L�V�Q�L�N�D�³�� �X�� �V�O�L�Y�X�� �L�� �W�R�� �S�U�H�P�D�� �S�U�L�R�U�L�W�H�W�L�P�D���� �H�N�R�O�R�ã�N�L���� �Y�R�G�R�R�S�V�N�U�E�Q�L���� �H�Q�H�U�J�H�W�V�N�L�� �L navodnjavanje. 
�$�Q�D�O�L�]�D���P�R�J�X�ü�Q�R�V�W�L���]�D�K�Y�D�ü�D�Q�M�D���Y�R�G�H���]�D���Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H���Q�D���V�O�L�Y�X���U�L�M�H�N�H���=�U�P�D�Q�M�H���M�H���X�V�P�M�H�U�H�Q�D���Q�D���O�R�N�D�F�L�M�H��
�S�O�D�Q�L�U�D�Q�L�K���Y�L�ã�H�Q�D�P�M�H�Q�V�N�L�K���K�L�G�U�R�W�H�K�Q�L�þ�N�L�K���V�X�V�W�D�Y�D���+�(���(�U�Y�H�Q�L�N���L���+�(���=�U�P�D�Q�M�D�����3�U�H�J�U�D�G�Q�L���S�U�R�I�L�O���+�(���ä�H�J�D�U��
�M�H���L�]�R�V�W�D�Y�O�M�H�Q���X���R�Y�R�M���D�Q�D�O�L�]�L���]�E�R�J���]�Q�D�þajnih gubitaka vode koji se javljaju na uzvodnoj dionici. Proizvodni 
�S�R�W�H�Q�F�L�M�D�O�� �+�(�� �(�U�Y�H�Q�L�N�� �X�� �S�U�R�V�M�H�þ�Q�R�M�� �J�R�G�L�Q�L�� �L�]�Q�R�V�L�� ������ �*�:�K���� �D�� �Q�D�� �+�(�� �=�U�P�D�Q�M�D�� ������ �*�:�K���� �%�X�G�X�ü�L�� �G�D�� �M�H��
pregradni profil HE Ervenik pozicioniran najuzvodnije te je visinski povoljniji u odnosu na navodnjavane 
�S�R�Y�U�ã�L�Q�H�����D���]�D���ã�W�R���M�H�����L�V�N�D�]�D�Q�R���N�U�R�]���X�W�U�R�ã�D�N���H�Q�H�U�J�L�M�H���X���S�U�R�V�M�H�þ�Q�R�M���J�R�G�L�Q�L�����S�R�W�U�H�E�Q�R���R�N�R���������*�:�K�����D���W�R���M�H��������
GWh manje u odnosu na vlastitu proizvodnju. Pregradni profil HE Zrmanja je visinski nepovoljniji u 
�R�G�Q�R�V�X�� �Q�D�� �Q�D�Y�R�G�Q�M�D�Y�D�Q�H�� �S�R�Y�U�ã�L�Q�H���� �M�H�U�� �M�H�� �]�D�� �G�R�E�D�Y�X�� �L�V�W�L�K�� �N�R�O�L�þ�L�Q�D�� �Y�R�G�H�� �S�R�W�U�H�E�Q�R�� �X�W�U�R�ã�L�W�L�� ������ �*�:�K��
�H�O�H�N�W�U�L�þ�Q�H�� �H�Q�H�U�J�L�M�H�� �ã�W�R�� �S�U�H�P�D�ã�X�M�H�� �Q�M�H�Q�X�� �S�U�R�V�M�H�þ�Q�X�� �J�R�G�L�ã�Q�M�X�� �S�U�R�L�]�Y�R�G�Q�M�X�� �]�D�� ������ �*�:�K���� �6�Y�H�X�N�X�S�Q�L��
�L�Q�Y�H�V�W�L�F�L�M�V�N�L�� �W�U�R�ã�N�R�Y�L�� �S�U�Y�H�� �R�S�F�L�M�H�� �L�]�Q�R�V�L�O�L�� �E�L�� �������� �P�L�O�L�M�D�U�G�L�� �N�X�Q�D���� �D�� �R�S�H�U�D�W�L�Y�Q�L�� �L�� �S�R�J�R�Q�V�N�L�� �W�U�R�ã�N�R�Y�L�� ����������
kn/m3 �G�L�V�W�U�L�E�X�L�U�D�Q�H�� �Y�R�G�H�� �]�D�� �Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H���� �'�R�N�� �E�L�� �L�Q�Y�H�V�W�L�F�L�M�D�� �X�� �G�U�X�J�X�� �R�S�F�L�M�X�� �E�L�O�D�� �Q�L�å�D���� �R�G�Q�R�V�Q�R�� ��������
�P�L�O�L�M�D�U�G�L�� �N�X�Q�D���� �D�O�L�� �V�� �Y�L�ã�L�P�� �R�S�H�U�D�W�L�Y�Q�L�P�� �L�� �S�R�J�R�Q�V�N�L�P�� �W�U�R�ã�N�R�Y�L�P�D�� �R�G�� ���������� �N�Q���P3 distribuirane vode. Za 
�Y�R�G�H���V�O�L�Y�D���/�L�þ�N�R�J���S�O�D�W�R�D���V�H���P�R�å�H���N�R�Q�V�W�D�W�L�U�D�W�L���G�D���V�X���Y�H�ü�L�P���G�L�M�H�O�R�P���Y�H�ü���L���G�D�Q�D�V���L�V�N�R�U�L�ã�W�H�Q�H���X���V�X�V�W�D�Y�X���5�+�(��
�9�H�O�H�E�L�W���� �D�� �P�R�J�X�ü�Q�R�V�W�� �N�R�U�L�ã�W�H�Q�M�D�� �S�U�H�R�V�W�D�O�R�J�� �Y�R�G�Q�R�J�� �S�R�W�H�Q�F�L�M�D�O�D�� �M�H�� �R�J�U�D�Q�L�þ�H�Q�D�� �N�D�N�R�� �X�� �S�R�J�O�H�G�X�� �Q�M�H�Q�D��
�D�N�X�P�X�O�L�U�D�Q�M�D�� �W�D�N�R�� �L�� �W�U�D�Q�V�I�H�U�D�� �G�R�� �S�R�Y�U�ã�L�Q�D�� �]�D�� �Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H���� �-�H�G�L�Q�D�� �P�R�J�X�ü�D�� �R�S�F�L�M�D�� �N�R�U�L�ã�W�H�Q�M�D�� �Y�R�G�D�� �V��
�/�L�þ�N�R�J�� �S�O�D�W�R�D���E�L�� �E�L�O�D�� �]�D�K�Y�D�ü�D�Q�M�H�� �S�U�H�W�K�R�G�Q�R�� �N�R�U�L�ã�W�H�Q�H�� �Y�R�G�H�� �X�� �5�+�(�� �9�H�O�H�E�L�W���� �R�G�Q�R�V�Q�R�� �L�]�� �D�N�X�P�X�O�D�F�L�M�H��
�5�D�]�R�Y�D�F�����=�D�K�Y�D�W���Y�R�G�H���L�]���D�N�X�P�X�O�D�F�L�M�H���5�D�]�R�Y�D�F���Y�L�V�L�Q�V�N�L���S�U�L�E�O�L�å�Q�R���R�G�J�R�Y�D�U�D���]�D�K�Y�D�W�X���Q�D���+�(���=�U�P�D�Q�M�D���V�W�R�J�D��
�L�P�� �M�H�� �S�U�R�V�M�H�þ�Q�L�� �J�R�G�L�ã�Q�M�L�� �]�D�K�W�M�H�Y�� �]�D�� �H�Q�H�U�J�L�M�R�P�� �L�G�H�Q�W�L�þ�D�Q�� �L�� �L�]�Q�R�V�L�� �R�N�R�� ������ �*�:h. Sveukupni investicijski 
�W�U�R�ã�N�R�Y�L���R�Y�H���R�S�F�L�M�H���V�X���Q�D�M�Q�L�å�L���L���L�]�Q�R�V�H�����������P�L�O�L�M�D�U�G�L���N�X�Q�D�����P�H�ÿ�X�W�L�P�����]�E�R�J���Q�H�P�R�J�X�ü�Q�R�V�W�L���S�R�N�U�L�ü�D���S�R�J�R�Q�D���L�]��
�Y�O�D�V�W�L�W�H���S�U�R�L�]�Y�R�G�Q�M�H�����R�S�H�U�D�W�L�Y�Q�L���L���S�R�J�R�Q�V�N�L���W�U�R�ã�N�R�Y�L���V�X���L�]�X�]�H�W�Q�R���Y�L�V�R�N�L���L���L�]�Q�R�V�H�������������N�Q���P3 distribuirane 
vode. Usporedbom s�Y�H�X�N�X�S�Q�L�K�� �W�U�R�ã�N�R�Y�D�� �R�Y�L�K�� �R�S�F�L�M�D�� �X�� �U�D�]�G�R�E�O�M�X�� �R�G�� ������ �J�R�G�L�Q�D���� �]�D�K�Y�D�W�� �Y�R�G�H�� �Q�D��
pregradnom profilu HE Zrmanja se pokazao kao optimalna opcija kojom se osigurava navodnjavanje 
�]�Q�D�þ�D�M�Q�R�J���G�L�M�H�O�D���S�R�O�M�R�S�U�L�Y�U�H�G�Q�L�K���S�R�Y�U�ã�L�Q�D���=�D�G�D�U�V�N�H���å�X�S�D�Q�L�M�H�� 
 
�.�O�M�X�þ�Q�H�� �U�L�M�H�þ�L�����=�D�G�D�U�V�N�D�� �å�X�S�D�Q�L�M�D���� �=�U�P�D�Q�M�D���� �/�L�þ�N�L�� �S�O�D�W�R���� �Y�L�ã�H�Q�D�P�M�H�Q�V�N�L�� �K�L�G�U�R�W�H�K�Q�L�þ�N�L�� �V�X�V�W�D�Y����
navodnjavanje 
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Uvod 
 
�1�D�� �S�R�G�U�X�þ�M�X�� �=�D�G�D�U�V�N�H�� �å�X�S�D�Q�L�M�H�� �L�G�H�Q�W�L�I�L�F�L�U�D�Q�R�� �M�H�� �X�N�X�S�Q�R�� �������������� �K�D�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�L�K��
�S�R�Y�U�ã�L�Q�D���S�R�J�R�G�Q�L�K���]�D���Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H�����D���E�H�]���R�V�L�J�X�U�D�Q�R�J���V�W�D�E�L�O�Q�R�J���L�]�Y�R�U�D���Y�R�G�H�����&�L�O�M���M�H���E�L�R��
i�V�W�U�D�å�L�W�L�� �P�R�J�X�ü�Q�R�V�W�L�� �G�R�E�D�Y�H�� �Y�H�ü�L�K�� �N�R�O�L�þ�L�Q�D�� �Y�R�G�H�� �L�]�� �R�W�Y�R�U�H�Q�L�K�� �Y�R�G�R�W�R�N�D�� �]�D�� �S�R�W�U�H�E�H��
�Q�D�Y�R�G�Q�M�D�Y�D�Q�M�D�� �S�U�H�G�P�H�W�Q�L�K�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�L�K�� �S�R�Y�U�ã�L�Q�D���� �2�Y�L�P�� �U�D�G�R�P�� �V�X�� �R�E�X�K�Y�D�ü�H�Q�L�� �V�D�P�R��
�R�W�Y�R�U�H�Q�L�� �Y�R�G�R�W�R�F�L�� �L�� �D�N�X�P�X�O�D�F�L�M�H�� �N�R�M�L�� �U�D�V�S�R�O�D�å�X�� �]�Q�D�þ�D�M�Q�L�P�� �N�R�O�L�þ�L�Q�D�P�D�� �Y�R�G�H���� �D�� �W�R�� �V�X��
slivovi Zrman�M�H���L���/�L�þ�N�R�J���S�O�D�W�R�D�� 
�*�O�D�Y�Q�D�� �W�H�N�X�ü�L�F�D�� �Q�D�� �S�R�G�U�X�þ�M�X�� �=�D�G�D�U�V�N�H�� �å�X�S�D�Q�L�M�H�� �M�H�� �U�L�M�H�N�D�� �=�U�P�D�Q�M�D�� �V�D�� �V�Y�R�M�L�P�� �S�U�L�W�R�N�D�P�D����
�3�R�Y�U�ã�L�Q�D�� �V�O�L�Y�D�� �=�U�P�D�Q�M�H�� �L�]�Q�R�V�L�� ������������ �N�P2���� �R�G�� �þ�H�J�D�� �Q�D�� �L�]�U�D�Y�Q�L�� �V�O�L�Y�� �R�W�S�D�G�D�� �R�N�R�� �������� �N�P2. 
�+�L�G�U�R�W�H�K�Q�L�þ�N�L�� �]�D�K�Y�D�W�� �N�R�M�L�� �M�H�� ������������ �J�R�G�L�Q�H�� �W�U�D�M�Q�R�� �L�]�P�L�M�H�Q�L�R�� �K�L�G�U�R�J�Uafsku sliku rijeke 
�=�U�P�D�Q�M�H���J�U�D�G�Q�M�D���M�H���U�H�Y�H�U�]�L�E�L�O�Q�H���K�L�G�U�R�H�O�H�N�W�U�D�Q�H���9�H�O�H�E�L�W�����5�+�(���9�H�O�H�E�L�W�������9�R�G�R�W�R�F�L���/�L�þ�N�R�J��
�S�O�D�W�R�D�� �N�R�M�L�� �V�X�� �V�H�� �X�� �S�U�L�U�R�G�Q�R�P�� �V�W�D�Q�M�X�� �J�X�E�L�O�L�� �X�� �S�R�Q�R�U�L�P�D�� �G�X�å�� �M�X�å�Q�R�J�� �U�X�E�D�� �â�W�L�N�D�G�V�N�R�J�� �L��
�*�U�D�þ�D�þ�N�R�J�� �S�R�O�M�D�� �L�� �L�]�Y�L�U�D�O�L�� �X�]�� �R�E�D�O�H�� �U�L�M�H�N�H�� �=�U�P�D�Q�M�H�� �X�� �Q�M�H�]�L�Q�X�� �G�R�Q�M�H�P toku izgradnjom 
RHE Velebit sprovedeni su u dva akumulacijska jezera gornjeg horizonta, �â�W�L�N�D�G�D����������������
hm3) i Opsenica (2,7 hm3������ �G�R�N�� �M�H�� �Q�D�� �G�R�Q�M�H�P�� �K�R�U�L�]�R�Q�W�X���� �Q�D�� �=�U�P�D�Q�M�L���� �L�]�J�U�D�ÿ�H�Q�D��
akumulacija Razovac (1,84 hm3���� �N�R�M�D�� �V�O�X�å�L�� �]�D�� �S�U�L�K�Y�D�W�� �Y�R�G�H�� �N�R�M�D�� �V�H�� �F�U�S�L�� �Q�D�� �J�R�U�Q�M�L��
horizont (Elektroprojekt d.d., 1999). 
Prema studiji �Ä�9�L�ã�H�Q�D�P�M�H�Q�V�N�L�� �K�L�G�U�R�W�H�K�Q�L�þ�N�L�� �V�X�V�W�D�Y�� �Q�D�� �U�L�M�H�F�L�� �=�U�P�D�Q�M�L�³��(Elektroprojekt 
d.d., 2001), �Q�D���U�L�M�H�F�L�� �=�U�P�D�Q�M�L�� �S�O�D�Q�L�U�D�Q�D�� �V�X�� �W�U�L�� �Y�L�ã�H�Q�D�P�M�H�Q�V�N�D�� �K�L�G�U�R�W�H�K�Q�L�þ�N�D�� �]�D�K�Y�Dta: HE 
�(�U�Y�H�Q�L�N���� �+�(�� �ä�H�J�D�U�� �L�� �+�(�� �=�U�P�D�Q�M�D�� �5�D�V�S�R�O�R�å�L�Y�H�� �N�R�O�L�þ�L�Q�H�� �Y�R�G�H�� �X�� �V�O�L�Y�X�� �U�L�M�H�N�H�� �=�U�P�D�Q�M�H��
�P�R�J�X�ü�H���M�H���]�D�K�Y�D�W�L�W�L���Q�D���O�R�N�D�F�L�M�D�P�D���S�O�D�Q�L�U�D�Q�L�K���K�L�G�U�R�H�O�H�N�W�U�D�Q�D�����+�(���(�U�Y�H�Q�L�N���V���S�U�L�S�D�G�D�M�X�ü�R�P��
�D�N�X�P�X�O�D�F�L�M�R�P���3�U�H�Y�M�H�V���Q�L�]�Y�R�G�Q�R���R�G���K�L�G�U�R�O�R�ã�N�H���S�R�V�W�D�M�H���3�D�O�D�Q�N�D���L���Q�D���O�R�N�D�F�L�M�L���S�O�D�Q�L�U�Dne HE 
�=�U�P�D�Q�M�D�� �V�� �S�U�L�S�D�G�D�M�X�ü�R�P�� �L�V�W�R�L�P�H�Q�R�P�� �D�N�X�P�X�O�D�F�L�M�R�P�� �X�]�Y�R�G�Q�R�� �R�G�� �K�L�G�U�R�O�R�ã�N�H�� �S�R�V�W�D�M�H��
Berberov buk. Zbog velikih gubitka u slivu Zrmanje koji se javljaju na potezu od 
�K�L�G�U�R�O�R�ã�N�H�� �S�R�V�W�D�M�H�� �3�U�H�Y�M�H�V�� �G�R�� �K�L�G�U�R�O�R�ã�N�H�� �S�R�V�W�D�M�H�� �(�U�Y�H�Q�L�N�� �]�Q�D�þ�D�M�Q�R�� �M�H�� �V�P�D�Q�M�H�Q�� �G�R�W�R�N�� �X��
pregrad�Q�L���S�U�R�I�L�O���+�(���ä�H�J�D�U�����6�W�R�J�D���ü�H���E�L�W�L���X�]�H�W�H���X���R�E�]�L�U���V�D�P�R���O�R�N�D�F�L�M�D�Pa HE Ervenik i HE 
Zrmanja. 
�$�Q�D�O�L�]�D�P�D�� �X�� �R�Y�R�P�� �U�D�G�X�� �U�D�]�P�D�W�U�D�Q�H�� �V�X�� �W�U�L�� �O�R�N�D�F�L�M�H�� �]�D�K�Y�D�ü�D�Q�M�D�� �Y�R�G�H�� �]�D�� �Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H��
���S�O�D�Q�L�U�D�Q�H�� �+�(�� �(�U�Y�H�Q�L�N�� �L�� �+�(�� �=�U�P�D�Q�M�D���� �W�H�� �S�R�V�W�R�M�H�ü�D�� �5�+�(�� �9�H�O�H�E�L�W������ �N�D�N�R�� �E�L�� �V�H�� �G�R�ã�O�R�� �G�R��
op�W�L�P�D�O�Q�R�J�� �W�H�K�Q�L�þ�N�R�J�� �U�M�H�ã�H�Q�M�D���� �Y�D�U�L�M�D�Q�W�H�� �V�X�� �P�H�ÿ�X�V�R�E�Q�R�� �X�V�S�R�U�H�ÿ�H�Q�H���� �L�� �W�R�� �X�� �S�R�J�O�H�G�X��
�V�Y�H�X�N�X�S�Q�L�K���L�Q�Y�H�V�W�L�F�L�M�V�N�L�K���L���R�S�H�U�D�W�L�Y�Q�L�K���W�U�R�ã�N�R�Y�D�� 
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Slika 1. �3�R�V�W�R�M�H�ü�H���L���S�O�D�Q�L�U�D�Q�R���K�L�G�U�R�W�H�K�Q�L�þ�N�R���X�U�H�ÿ�H�Q�M�H���V�O�L�Y�D���=�U�P�D�Q�M�H���L���/�L�þ�N�R�J���S�O�D�W�R�D 
Figure 1. Current and planned hydro-technical arrangement of the Zrmanja basin and the Lika's plateau 

 
 
Materijali i metode 
 
�3�R�G�U�X�þ�M�H���R�E�X�K�Y�D�W�D���]�D���Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H 
 
�3�U�H�J�O�H�G�R�P�� �N�D�U�D�W�D�� �Q�D�P�M�H�Q�H�� �L�� �N�R�U�L�ã�W�H�Q�M�D�� �S�U�R�V�W�R�U�D�� �=�D�G�D�U�V�N�H�� �å�X�S�D�Q�L�M�H���� �D�Q�D�O�L�]�H�� �]�D�L�Q�W�H�U�H�V�L�U�D�Q�R�V�W�L��
korisnika, �L�]�U�D�ÿ�H�Q�H���S�U�R�M�H�N�W�Q�H���G�R�N�X�P�H�Q�W�D�F�L�M�H���L���S�U�H�N�O�D�S�D�Q�M�H�P���V���N�D�U�W�D�P�D���R�J�U�D�Q�L�þ�H�Q�M�D�����X�W�Y�U�ÿ�H�Q���M�H��
�S�O�D�Q�L�U�D�Q�L���R�E�X�K�Y�D�W���X�Q�X�W�D�U���]�D���N�R�M�L���ü�H���E�L�W�L���S�R�W�U�H�E�Q�R���R�V�L�J�X�U�D�W�L���Y�R�G�X���]�D���Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H�� Evidentirano 
je ukupno 43 lokaliteta pogodnih za izgradnju sustava za navodnjavanje na ukup�Q�R�M���S�R�Y�U�ã�L�Q�L��
�R�G�� �������������� �K�D���� �2�G�� �Q�D�Y�H�G�H�Q�H�� �X�N�X�S�Q�H�� �S�R�Y�U�ã�L�Q�H���� ������������ �K�D�� �L�P�D�� �R�V�L�J�X�U�D�Q�� �V�W�D�E�L�O�D�Q�� �L�]�Y�R�U�� �Y�R�G�H�� �]�D��
�Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H���� �W�R�� �V�H�� �R�G�Q�R�V�L�� �Q�D�� �S�R�V�W�R�M�H�ü�H�� �V�X�V�W�D�Y�H�� �L�O�L�� �V�X�V�W�D�Y�H�� �]�D�� �N�R�M�H�� �S�R�V�W�R�M�L�� �S�U�R�M�H�N�W�Q�D��
dokumentacija u visokom stupnju pripremljenosti. Stoga, razmatrana p�R�Y�U�ã�L�Q�D�� �V�X�V�W�D�Y�D�� �]�D��
�Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H�� �E�H�]�� �R�V�L�J�X�U�D�Q�R�J�� �V�W�D�E�L�O�Q�R�J�� �L�]�Y�R�U�D�� �Y�R�G�H�� �L�]�Q�R�V�L�� �������������� �K�D���� �2�Y�R�� �S�R�G�U�X�þ�M�H��
objedinjuje ukupno 36 sustava za navodnjavanje, podijeljenih u 13 funkcionalnih cjelina, radi 
optimizacije rada sustava za dobavu vode za navodnjavanje (Slika 2). 
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Slika 2. �3�R�G�M�H�O�D���S�R�G�U�X�þ�M�D���R�E�X�K�Y�D�W�D���Q�D���I�X�Q�N�F�L�R�Q�D�O�Q�H���F�M�H�O�L�Q�H 
Figure 2. Units of the functional area 

 
�3�R�W�U�H�E�Q�H���N�R�O�L�þ�L�Q�H���Y�R�G�H���]�D���Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H 
 
S obzirom na planiranu strukturu poljoprivredne proizvodnje (Slika 3) i potrebe pojedinih 
kultura za �Y�R�G�R�P���� �L�]�U�D�þ�X�Q�D�W�H�� �V�X�� �X�N�X�S�Q�H�� �P�M�H�V�H�þ�Q�H�� �L�� �J�R�G�L�ã�Q�M�H�� �E�U�X�W�R�� �S�R�W�U�H�E�H�� �]�D�� �Y�R�G�R�P����
�%�U�X�W�R�� �S�R�W�U�H�E�H�� �S�U�H�G�V�W�D�Y�O�M�D�M�X�� �N�R�O�L�þ�L�Q�X�� �Y�R�G�H�� �N�R�M�D�� �M�H�� �S�R�W�U�H�E�Q�D�� �E�L�O�M�F�L���� �X�Y�H�ü�D�Q�X�� �]�D�� �J�X�E�L�W�N�H�� �X��
�G�L�V�W�U�L�E�X�F�L�M�V�N�R�P���V�X�V�W�D�Y�X���L���Q�D���R�S�U�H�P�L���]�D���Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H�����8�N�X�S�Q�H���J�R�G�L�ã�Q�M�H���N�R�O�L�þ�L�Q�H���Y�R�G�H���N�R�M�H��
bi treb�D�O�R���R�V�L�J�X�U�D�W�L���]�D���Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H�����������������K�D���X���S�U�R�V�M�H�þ�Q�R�M���J�R�G�L�Q�L���L�]�Q�R�V�H�������������������������P3, 
�R�G�Q�R�V�Q�R�� �X�� �V�X�ã�Q�R�M�� �J�R�G�L�Q�L�� ���������������������� �P3���� �3�U�R�V�M�H�þ�Q�D�� �J�R�G�L�Q�D�� �M�H�� �P�M�H�U�R�G�D�Y�Q�D�� �]�D�� �D�Q�D�O�L�]�X��
�S�R�J�R�Q�V�N�L�K���W�U�R�ã�N�R�Y�D�����G�R�N���M�H���V�X�ã�Q�D���J�R�G�L�Q�D���P�M�H�U�R�G�D�Y�Q�D���]�D���G�L�P�H�Q�]�L�R�Q�L�U�D�Q�M�H���V�X�V�W�D�Y�D�� 
 

 
 

Slika 3. Planirana struktura poljoprivredne proizvodnje 
Figure 3. Planned structure of agricultural production 
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�5�D�V�S�R�O�R�å�L�Y�H���N�R�O�L�þ�L�Q�H���Y�R�G�H���]�D���Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H 
 
�3�R�G�D�F�L�� �V�X�� �R�E�U�D�ÿ�H�Q�L�� �Q�D�� �K�L�G�U�R�O�R�ã�N�L�P�� �S�R�V�W�D�M�D�P�D�� �G�X�å�� �W�R�N�D�� �U�L�M�H�N�H�� �=�U�P�D�Q�M�H�� �]�D�� �S�H�U�L�R�G�� �R�G��
������������ �G�R�� ������������ �J�R�G�L�Q�H���� �G�R�N�� �V�X�� �]�D�� �D�Q�D�O�L�]�X�� �N�R�O�L�þ�L�Q�D�� �Y�R�G�H�� �X�� �V�X�V�W�D�Y�X�� �5�+�(�� �9�H�O�H�E�L�W��
�S�U�L�N�X�S�O�M�H�Q�L�� �S�R�G�D�F�L�� �]�D�� �U�D�V�S�R�O�R�å�L�Y�L�� �S�H�U�L�R�G�� �R�G�� ������������ �G�R�� ������������ �J�R�G�L�Q�H���� �8�� �V�O�L�Y�X�� �U�L�M�H�N�H��
Zrmanje analizir�D�Q�D���V�X���V�Y�H�X�N�X�S�Q�R�������S�U�R�I�L�O�D���X���N�R�M�L�P�D���V�H���Y�U�ã�H���K�L�G�U�R�O�R�ã�N�D���P�M�H�U�H�Q�M�D�����D���]�D��
�S�U�R�F�M�H�Q�X���U�D�V�S�R�O�R�å�L�Y�L�K���N�R�O�L�þ�L�Q�D���L�]���V�X�V�W�D�Y�D���5�+�(���9�H�O�H�E�L�W���R�E�U�D�ÿ�H�Q�L���V�X���S�R�G�D�F�L���R���P�M�H�V�H�þ�Q�L�P��
protocima kroz turbine (Hrvatska elektroprivreda d.d., www.hep.hr). 
Tablica 1 prikazuje analizirane m�M�H�U�R�G�D�Y�Q�H�� �K�L�G�U�R�O�R�ã�N�H�� �S�R�V�W�D�M�H�� �L�� �S�U�R�U�D�þ�X�Q�D�W�L�� �J�R�G�L�ã�Q�M�L��
�G�R�W�R�N���Y�R�G�H���X���V�X�ã�Q�R�M���J�R�G�L�Q�L���Q�D���S�U�R�P�D�W�U�D�Q�L�P���S�U�R�I�L�O�L�P�D���D�N�X�P�X�O�D�F�L�M�D���X���V�O�L�Y�X���=�U�P�D�Q�M�H�����1�D��
�Q�D�M�X�]�Y�R�G�Q�L�M�H�P�� �S�U�R�I�L�O�X�� �=�U�P�D�Q�M�H���� �V�X�ã�Q�L�� �J�R�G�L�ã�Q�M�L�� �G�R�W�R�N�� �L�]�Q�R�V�L�� �R�N�R�� �������� �P�L�O���� �P3. U 
�Q�L�]�Y�R�G�Q�R�P���W�R�N�X���=�U�P�D�Q�M�H�����L�]�P�H�ÿ�X���S�R�V�W�D�M�D���(�U�Y�H�Q�L�N���L���ä�H�J�D�U�����X�R�þ�O�M�L�Y���M�H���]�Q�D�þ�D�M�D�Q���J�X�E�L�W�D�N��
�Y�R�G�H���X���S�R�G�]�H�P�O�M�H�����W�D�N�R���G�D���X���S�U�R�I�L�O�X���S�O�D�Q�L�U�D�Q�H���+�(���ä�H�J�D�U���L�P�D�P�R���V�X�ã�Q�L���S�R�Y�U�ã�L�Q�V�N�L���G�R�W�R�N��
od samo 40 mil. m3. Na najnizvodnijem profilu HE Zrmanja dolazi do ponovne 
�N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �Y�R�G�D�� �U�L�M�H�N�H�� �=�U�P�D�Q�M�H�� �X�� �S�R�Y�U�ã�L�Q�V�N�L�� �W�R�N���� �W�H���X�N�X�S�Q�L�� �V�X�ã�Q�L�� �G�R�W�R�N�� �L�]�Q�R�V�L�� �R�N�R��
351 mil. m3. 
 
 
Tablica 1. �'�R�W�R�N���Y�R�G�H���X���V�X�ã�Q�R�M���J�R�G�L�Q�L���]�D���D�N�X�P�X�O�D�F�L�M�H���X���V�O�L�Y�X���U�L�M�H�N�H���=�U�P�D�Q�M�H 
Table 1. Water inflow during the dry year for the hydro accumulation in the Zrmanja river basin 
 

Mjerodavna  
h.s. 

Slivna  
�S�R�Y�U�ã�L�Q�D�� 

h.s.(1) 

�3�U�R�V�M�H�þ�Q�L�� 
god.  

protok  

�3�U�R�V�M�H�þ�Q�R��
spec. 

otjecanje Akumu- 
lacija 

Slivna 
�S�R�Y�U�ã�L�Q�D 

u 
profilu (1),(3) 

�3�U�R�V�M�H�þ�Q�L��
god. dotok 
u akum. 

Otjecanje 
(vjer. Prekora- 

�þ�H�Q�M�D������ %)  

�*�R�G�L�ã�Q�M�L��
volumen 
�V�X�ã�Q�R�J��
otjec. 

Ah.s. Qsr. q A�P�H�ÿ�� Qulaz 
Qd=(Q80%/Qsr.) 

*Qulaz 
Gd=Qd*T  

(km2) (m3/s) (l/s/km2) (km2) (m3/s) (m3/s) (mil. m3) 
Palanka 220,20 4,49 20,40 Prevjes 242,65 4,95 3,63 114,6 
Ervenik 364,59 3,25 8,90 

�ä�H�J�D�U(4) 165,45 1,70 1,25 39,5 
�ä�H�J�D�U 431,50 7,95 18,41 

Berberov  
buk 

600,78 18,36 30,56 Zrmanja 192,69 15,16 11,13 350,9 

 
 
 
S�O�L�N�D�� ���� �S�U�L�N�D�]�X�M�H�� �J�R�G�L�ã�Q�M�H�� �X�N�X�S�Q�H�� �J�R�G�L�ã�Q�M�H�� �N�R�O�L�þ�L�Q�H�� �H�Q�H�U�J�H�W�V�N�L�� �L�V�N�R�U�L�ã�W�H�Q�H�� �Y�R�G�H�� �N�U�R�]��
turbine RHR Velebit u periodu od 2003. do 2013. godine. Ukupne �J�R�G�L�ã�Q�M�H�� �N�R�O�L�þ�L�Q�H��
�H�Q�H�U�J�H�W�V�N�L���L�V�N�R�U�L�ã�W�H�Q�H���Y�R�G�H���N�U�H�W�D�O�H���V�X���V�H���R�G�����������P�L�O�����P3 u 2011. godini sve do 500 mil. m3 
u 2013. godini. 
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Slika 4. �*�U�D�I�L�þ�N�L���S�U�L�N�D�]��dinamike �J�R�G�L�ã�Q�M�L�K���N�R�O�L�þ�L�Q�D���Y�R�G�H���N�R�M�H���S�U�R�O�D�]�H���N�U�R�]���W�X�U�E�L�Q�H���5�+�(���9�H�O�H�E�L�W 
Figure 4. Annual dynamic of water inflow through RHE Velebit turbines 

 
Slika 5 prikazuje reprezentativnu distribuciju dotoka za sve profile te distribuciju potreba vode za 
�Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H���S�R���P�M�H�V�H�F�L�P�D�����3�U�H�P�D���D�Q�D�O�L�]�L�U�D�Q�L�P���S�R�G�D�F�L�P�D���Q�D�M�Y�H�ü�L���G�R�W�R�F�L���V�H���M�D�Y�O�M�D�M�X���X���]�L�P�V�N�L�P��
�P�M�H�V�H�F�L�P�D�� ���R�G�� �V�W�X�G�H�Q�R�J�D�� �G�R�� �W�U�D�Y�Q�M�D������ �X�� �W�R�P�� �S�H�U�L�R�G�X�� �M�H�� �H�Y�L�G�H�Q�W�L�U�D�Q�D�� �L�� �Q�D�M�Y�H�ü�D�� �S�U�Rizvodnja 
�H�O�H�N�W�U�L�þ�Q�H�� �H�Q�H�U�J�L�M�H�� �Q�D�� �5�+�(�� �9�H�O�H�E�L�W���� �1�D�M�P�D�Q�M�L�� �G�R�W�R�F�L�� �V�H�� �M�D�Y�O�M�D�M�X�� �X�� �O�M�H�W�Q�L�P�� �P�M�H�V�H�F�L�P�D�� ���O�L�S�D�Q�M����
�V�U�S�D�Q�M�����N�R�O�R�Y�R�]���L���U�X�M�D�Q�������D���X���W�R�P���S�H�U�L�R�G�X���V�X���X�M�H�G�Q�R���L���Q�D�M�Y�H�ü�H���S�R�W�U�H�E�H���]�D���Y�R�G�R�P���]�D���Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H����
Iz ove slike jasno je vidljivo da nema navodnjavanja bez prethodnog akumuliranja vode, a to 
�]�Q�D�þ�L�� �G�D�� �V�H�� �D�N�X�P�X�O�D�F�L�M�H�� �P�R�U�D�M�X�� �S�X�Q�L�W�L�� �X�� �]�L�P�V�N�R�P�� �S�H�U�L�R�G�X�� ���V�W�X�G�H�Q�L���� �S�U�R�V�L�Q�D�F���� �V�L�M�H�þ�D�Q�M�� �V�Y�H�� �G�R��
travnja). Maksimalni bezdimenzionalni volumen akumulacije, potreban na kraju mjeseca travnja 
odgovara 75 % ukupnih potreba za nav�R�G�Q�M�D�Y�D�Q�M�H�P���X���V�X�ã�Q�R�M���J�R�G�L�Q�L�����D���W�R���]�Q�D�þ�L���G�D���M�H���P�R�J�X�ü�H���M�R�ã��
tokom svibnja i lipnja dio od 25 % potreba podmiriti direktno iz dotoka. 
 

 
 

Slika 5. �5�H�S�U�H�]�H�Q�W�D�W�L�Y�Q�H���U�D�V�S�R�G�M�H�O�H���S�R�W�U�H�E�D���L���G�R�W�R�N�D���X���P�M�H�U�R�G�D�Y�Q�R�M���V�X�ã�Q�R�M���J�R�G�L�Q�L 
Figure 5. Representative distributions of needs and annual inflow for the relevant dry year 
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Rezultati i rasprava 
 
�%�L�O�D�Q�F�L�U�D�Q�M�H���S�R�W�U�H�E�Q�L�K���L���U�D�V�S�R�O�R�å�L�Y�L�K���N�R�O�L�þ�L�Q�D���Y�R�G�H���Q�D���]�D�K�Y�D�W�X 
 
Ulaz u akumulacijski prostor predstavlja dotok vode u analizirani pregradni profil prema 
�R�E�U�D�ÿ�H�Q�L�P�� �K�L�G�U�R�O�R�ã�N�L�P�� �S�R�G�D�F�L�P�D�� �Q�D�� �P�M�H�U�R�G�D�Y�Q�R�M�� �S�R�V�W�D�M�L���� �.�R�G�� �E�L�O�D�Q�F�L�U�D�Q�M�D�� �Y�R�G�H�� �Q�D��
�]�D�K�Y�D�W�X���� �S�R�V�W�D�Y�O�M�H�Q�� �M�H�� �S�U�L�R�U�L�W�H�W�� �L�V�S�X�ã�W�D�Q�M�D�� �H�N�R�O�R�ã�N�L�� �S�U�L�K�Y�D�W�O�M�L�Y�R�J�� �S�U�R�W�R�N�D�� �L�� �Y�R�G�R�R�S�V�N�U�E�H����
�7�D�N�R�ÿ�H�U���� �X�N�O�M�X�þ�H�Q�L�� �V�X�� �L�� �J�X�E�L�F�L�� �Y�R�G�H�� �Q�D�� �L�V�S�D�U�D�Y�D�Q�M�H�� �L�� �S�U�R�F�M�H�ÿ�L�Y�D�Q�M�H���� �,�]�O�D�]�� �Y�R�G�H�� �L�]��
ak�X�P�X�O�D�F�L�M�V�N�R�J�� �S�U�R�V�W�R�U�D�� �S�U�H�G�V�W�D�Y�O�M�D�M�X�� �N�R�O�L�þ�L�Q�H�� �Y�R�G�H�� �N�R�M�H�� �V�H�� �S�U�H�W�K�R�G�Q�R�� �N�R�U�L�V�W�H�� �]�D��
�S�U�R�L�]�Y�R�G�Q�M�X�� �H�O�H�N�W�U�L�þ�Q�H�� �H�Q�H�U�J�L�M�H���� �D�� �]�D�W�L�P�� �]�D�� �S�X�Q�M�H�Q�M�H�� �D�N�X�P�X�O�D�F�L�M�D�� �X�]�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�H��
�S�R�Y�U�ã�L�Q�H�� �L�� �H�Y�H�Q�W�X�D�O�Q�R�� �G�L�U�H�N�W�Q�R�� �S�R�G�P�L�U�H�Q�M�H�� �S�R�W�U�H�E�D���� �R�Y�L�V�Q�R�� �R�� �G�L�V�W�U�L�E�X�F�L�M�L�� �U�D�V�S�R�O�R�å�L�Y�L�K��
�N�R�O�L�þ�L�Q�D vode. Pretpostavljeno je vrijeme punjenja akumulacija u periodu od studenog do 
travnja, 26 dana u mjesecu i 20 h/dan. 
 
�9�U�L�M�H�P�H���U�D�G�D���K�L�G�U�R�H�O�H�N�W�U�D�Q�H���S�U�R�U�D�þ�X�Q�D�W�R���M�H���S�U�H�P�D��Formuli 1: 
 

�P
L
�:�Ï �à�×�Ì�å�?�Ï �Ð�Û�Û�6�á�Ú�Ï�?�Ï �Ò�à�Í�Ô�Î�Ô�;

�Ê�Ô
H�7�:�4�4
    (1) 

 
gdje je: 
Vulaz �± volumen dotoka na pregradni profil 
Vepp+vod �± volumen vode koji je potrebno osigurati za Qepp i vodoopskrbu 
Vgubici �± �X�N�X�S�Q�L���Y�R�O�X�P�H�Q���Y�R�G�H���N�R�M�L���V�H���J�X�E�L���Q�D���L�V�S�D�U�D�Y�D�Q�M�H���L���S�U�R�F�M�H�ÿ�L�Y�D�Q�M�H 
 
 
�8�N�X�S�Q�D���S�U�R�L�]�Y�R�G�Q�M�D���H�O�H�N�W�U�L�þ�Q�H���H�Q�H�U�J�L�M�H���S�U�R�U�D�þ�X�Q�D�W�D���M�H���S�U�H�P�D��Formuli  2: 
 

�9 
L �ß
H�C
H�* 
H�3�Ü
H�P    (2) 
 
gdje je: 
�����± stupanj korisnog djelovanja proizvodnih jedinica 
g �± �X�E�U�]�D�Q�M�H���]�H�P�O�M�L�Q�H���V�L�O�H���W�H�å�H 
H �± visinski potencijal koji se koristi za proizvodnju el. energije 
Qi �± instalirani protok 
t �± vrijeme rada hidroelektrane 
 
 
Pri koti uspora od 40 m n.m. u akumulacijskom jezeru HE Zrmanja na raspolaganju je 
korisni volumen od 7,60 mil. m3���� �8�N�X�S�Q�L�� �J�R�G�L�ã�Q�M�L�� �G�R�W�R�N�� �X�� �V�X�ã�Q�R�M�� �J�R�G�L�Q�L�� �Q�D�� �O�R�N�D�F�L�M�L��
pregradnog profila iznosi 351 mil. m3���� �=�D�� �S�R�G�P�L�U�H�Q�M�H�� �H�N�R�O�R�ã�N�L�� �S�U�L�K�Y�D�W�O�M�L�Y�R�J�� �S�U�R�W�R�N�D�� �L��
vodoopskrbe osigurano je 110 mil. m3�����.�R�U�L�V�W�H�ü�L���K�L�G�U�R�S�R�W�H�Q�F�L�M�D�O���+�(���=�U�P�D�Q�M�D���X���S�U�R�V�M�H�þ�Q�R�M��
�J�R�G�L�Q�L�� �P�R�J�X�ü�H�� �N�R�U�L�V�W�L�W�L�� �������� �P�L�O���� �P3 �]�D�� �S�U�R�L�]�Y�R�G�Q�M�X�� ������ �*�:�K�� �H�O�H�N�W�U�L�þ�Q�H�� �H�Q�H�U�J�L�M�H���� �=�D��
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navodnjavanje potrebno je osigurati dodatni akumulacijski prostor uz poljoprivredne 
po�Y�U�ã�L�Q�H�� �Y�R�O�X�P�H�Q�D�� �R�N�R�� ������ �P�L�O���� �P3���� �.�D�N�R�� �E�L�� �V�H�� �R�P�R�J�X�ü�L�O�R�� �S�X�Q�M�H�Q�M�H�� �D�N�X�P�X�O�D�F�L�M�D�� �X�]��
�S�R�O�M�R�S�U�L�Y�U�H�G�Q�H�� �S�R�Y�U�ã�L�Q�H���� �Q�X�å�D�Q�� �M�H�� �N�D�S�D�F�L�W�H�W�� �]�D�K�Y�D�W�D�� �Y�R�G�H�� �]�D�� �Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H�� �R�G�� �������� �P3/s i 
visine dizanja od 333 m. Za dobavu vode za navodnjavanje iz HE Zrmanja potrebno je 
�X�W�U�R�ã�L�W�L �������*�:�K���H�O�H�N�W�U�L�þ�Q�H���H�Q�H�U�J�L�M�H���ã�W�R���S�U�H�P�D�ã�X�M�H���Q�M�H�Q�X���S�U�R�V�M�H�þ�Q�X���J�R�G�L�ã�Q�M�X���S�U�R�L�]�Y�R�G�Q�M�X���]�D��
10 GWh. 
Pri koti uspora od 270 m n.m. u akumulacijskom jezeru HE Ervenik na raspolaganju je 
korisni volumen od 11 mil. m3���� �8�N�X�S�Q�L�� �J�R�G�L�ã�Q�M�L�� �G�R�W�R�N�� �X�� �V�X�ã�Q�R�M�� �J�R�G�L�Q�L�� �Q�D�� �O�R�N�D�F�L�M�L��
pregradnog profila iznosi 115 mil. m3���� �=�D�� �S�R�G�P�L�U�H�Q�M�H�� �H�N�R�O�R�ã�N�L�� �S�U�L�K�Y�D�W�O�M�L�Y�R�J�� �S�U�R�W�R�N�D��
osigurano je 24 mil. m3�����.�R�U�L�V�W�H�ü�L���K�L�G�U�R�S�R�W�H�Q�F�L�M�D�O���+�(���(�U�Y�H�Q�L�N���X���S�U�R�V�M�H�þ�Q�R�M���J�R�G�L�Q�L���P�R�J�X�ü�H��
koristiti 96 mil. m3 �]�D���S�U�R�L�]�Y�R�G�Q�M�X���������*�:�K���H�O�H�N�W�U�L�þ�Q�H���H�Q�H�U�J�L�M�H�����=�D���Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H���S�R�Wrebno 
�M�H�� �R�V�L�J�X�U�D�W�L�� �G�R�G�D�W�Q�L�� �D�N�X�P�X�O�D�F�L�M�V�N�L�� �S�U�R�V�W�R�U�� �X�]�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�H�� �S�R�Y�U�ã�L�Q�H�� �Y�R�O�X�P�H�Q�D�� �R�N�R�� ������
mil. m3�����.�D�N�R���E�L���V�H���R�P�R�J�X�ü�L�O�R���S�X�Q�M�H�Q�M�H���D�N�X�P�X�O�D�F�L�M�D���X�]���S�R�O�M�R�S�U�L�Y�U�H�G�Q�H���S�R�Y�U�ã�L�Q�H�����Q�X�å�D�Q���M�H��
kapacitet zahvata vode za navodnjavanje od 4,2 m3/s i visine dizanja od 204 �P�����%�X�G�X�ü�L���G�D��
je pregradni profil HE Ervenik pozicioniran najuzvodnije te je visinski povoljniji u odnosu 
�Q�D���Q�D�Y�R�G�Q�M�D�Y�D�Q�H���S�R�Y�U�ã�L�Q�H�����D���]�D���ã�W�R���M�H�����L�V�N�D�]�D�Q�R���N�U�R�]���X�W�U�R�ã�D�N���H�Q�H�U�J�L�M�H���X���S�U�R�V�M�H�þ�Q�R�M���J�R�G�L�Q�L����
potrebno oko 25 GWh, a to je 17 GWh manje u odnosu na vlastitu proizvodnju. 
�=�D�� �Y�R�G�H�� �V�O�L�Y�D�� �/�L�þ�N�R�J�� �S�O�D�W�R�D�� �V�H�� �P�R�å�H�� �N�R�Q�V�W�D�W�L�U�D�W�L�� �G�D�� �V�X�� �Y�H�ü�L�P�� �G�L�M�H�O�R�P�� �Y�H�ü�� �L�� �G�D�Q�D�V��
�L�V�N�R�U�L�ã�W�H�Q�H���X���V�X�V�W�D�Y�X���5�+�(���9�H�O�H�E�L�W�����D���P�R�J�X�ü�Q�R�V�W���N�R�U�L�ã�W�H�Q�M�D���S�U�H�R�V�W�D�O�R�J���Y�R�G�Q�R�J���S�R�W�H�Q�F�L�M�D�O�D��
�M�H�� �R�J�U�D�Q�L�þ�H�Q�D�� �N�D�N�R�� �X�� �S�R�J�O�H�G�X�� �Q�M�H�Q�D�� �D�N�X�P�X�O�L�U�D�Q�M�D�� �W�D�N�R�� �L�� �W�U�D�Q�V�I�H�U�D�� �G�R�� �S�R�Y�U�ã�L�Q�D�� �]�D��
�Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H���� �-�H�G�L�Q�D�� �P�R�J�X�ü�D�� �R�S�F�L�M�D�� �N�R�U�L�ã�W�H�Q�M�D�� �Y�R�G�D�� �V�� �/�L�þ�N�R�J�� �S�O�D�W�R�D�� �E�L�� �E�L�O�D�� �]�D�K�Y�D�ü�D�Q�M�H��
�S�U�H�W�K�R�G�Q�R���N�R�U�L�ã�W�H�Q�H���Y�R�G�H���X���5�+�(���9�H�O�H�E�L�W�����R�G�Q�R�V�Q�R���L�]���D�N�X�P�X�O�D�F�L�M�H���5�D�]�R�Y�D�F�����=�D�K�Y�D�W���Y�R�G�H���L�]��
�D�N�X�P�X�O�D�F�L�M�H�� �5�D�]�R�Y�D�F�� �Y�L�V�L�Q�V�N�L�� �S�U�L�E�O�L�å�Q�R�� �R�G�J�R�Y�D�U�D�� �]�D�K�Y�D�W�X�� �Q�D�� �+�(�� �=�U�P�D�Q�M�D���� �V�Woga je 
�S�R�W�U�H�E�D�Q�� �S�U�L�E�O�L�å�Q�R�� �L�V�W�L�� �N�D�S�D�F�L�W�H�W�� �]�D�K�Y�D�W�D�� �Y�R�G�H�� �]�D�� �Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H�� �R�G�� �������� �P3/s i visinom 
�G�L�]�D�Q�M�D�� �R�G���������� �P���� �=�D�� �G�R�E�D�Y�X�� �Y�R�G�H�� �]�D�� �Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H���L�]�� �5�+�(�� �9�H�O�H�E�L�W���S�R�W�U�H�E�Q�R���M�H�� �X�W�U�R�ã�L�W�L��
������ �*�:�K�� �H�O�H�N�W�U�L�þ�Q�H�� �H�Q�H�U�J�L�M�H���� �L�� �W�R�� �E�H�]�� �P�R�J�X�ü�Q�R�V�W�L�� �S�R�N�U�L�ü�D�� �X�W�U�R�ã�H�Q�H�� �H�Q�H�U�J�L�M�H�� �L�]��vlastite 
proizvodnje. 
 
�.�R�Q�F�H�S�F�L�M�V�N�R���U�M�H�ã�H�Q�M�H���Q�D�Y�R�G�Q�M�D�Y�D�Q�M�D�����S�U�R�F�M�H�Q�D���L�Q�Y�H�V�W�L�F�L�M�V�N�L�K���L���R�S�H�U�D�W�L�Y�Q�L�K���W�U�R�ã�N�R�Y�D 
 
�3�U�H�W�K�R�G�Q�R�� �V�X�� �S�U�L�N�D�]�D�Q�H�� �D�Q�D�O�L�]�H�� �U�D�V�S�R�O�R�å�L�Y�L�K�� �N�R�O�L�þ�L�Q�D�� �Y�R�G�H�� �]�D�� �Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H�� �L�� �W�R�� �Q�D�N�R�Q��
podmirenja prioriteta (ekologija, vodoopskrba i energetika). Za svaku od analiziranih 
�Y�D�U�L�M�D�Q�W�L���O�R�N�D�F�L�M�H�� �]�D�K�Y�D�W�D�����R�V�P�L�ã�O�M�H�Q�R���M�H���M�H�G�L�Q�V�W�Y�H�Q�R���N�R�Q�F�H�S�F�L�M�V�N�R���U�M�H�ã�H�Q�M�H�� �Q�D�Y�R�G�Q�M�D�Y�D�Q�M�D����
koje se sastoji od glavnog zahvata vode uz pregradni profil hidroelektrane, iz kojeg se 
�]�D�K�Y�D�ü�H�Q�D�� �Y�R�G�D�� �J�O�D�Y�Q�R�P�� �F�U�S�Q�R�P�� �V�W�D�Q�L�F�R�P�� �L�� �P�D�J�L�V�W�U�D�O�Q�L�P cjevovodima transportira do 
�P�D�O�L�K�� �D�N�X�P�X�O�D�F�L�M�D�� �U�D�V�S�R�U�H�ÿ�H�Q�L�K�� �X�]�� �I�X�Q�N�F�L�R�Q�D�O�Q�H�� �F�M�H�O�L�Q�H���� �D�� �]�D�W�L�P�� �X�Q�X�W�D�U�� �S�R�M�H�G�L�Q�H��
funkcionalne cjeline, prema potrebi krajnjih korisnika, voda za navodnjavanje se 
�G�L�V�W�U�L�E�X�L�U�D���F�U�S�Q�L�P���V�W�D�Q�L�F�D�P�D���L���]�D�W�Y�R�U�H�Q�L�P���W�O�D�þ�Q�L�P���F�M�H�Y�R�Y�R�G�L�P�D����Slika 6). 
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Slika 6. Shema koncepcijskog �U�M�H�ã�H�Q�Ma zahvata i dovoda vode za navodnjavanje 
Figure 6. Conceptual solution of water catchment and water supply for the irrigation 

 
 
�+�L�G�U�D�X�O�L�þ�N�R�� �P�R�G�H�O�L�U�D�Q�M�H�� �]�D�K�Y�D�W�D�� �L�� �G�R�Y�R�G�D�� �Y�R�G�H�� �]�D�� �Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H�� �S�U�R�Y�H�G�H�Q�R�� �M�H��
�P�D�W�H�P�D�W�L�þ�N�L�P�� �P�R�G�H�O�R�P�� �(�3�$�1�(�7�� �����± Lewis A. Rossman, Water Supply and Water 
Resources Division, National Risk Menagement Research Laboratory Cincinnati, OH 4268 
- �Y�H�U�]�L�M�D�� ������������ �J�R�G�L�Q�D���� �5�H�]�X�O�W�D�W�L�� �K�L�G�U�D�X�O�L�þ�N�R�J�� �P�R�G�H�O�L�U�D�Q�M�D�� �V�X�� �W�H�K�Q�L�þ�N�H�� �N�D�U�D�N�W�H�U�L�V�W�L�N�H��
sastavnih elemenata razmatranih varijanti, i to, promjeri magistralnih i distribucijskih 
cjevovoda te karakteristike crpnih stanica. 
�1�D�� �W�H�P�H�O�M�X�� �W�H�K�Q�L�þ�N�L�K�� �N�D�U�D�N�W�H�U�L�V�W�L�N�D�� �V�X�V�W�D�Y�D���� �G�R�E�L�Y�H�Q�L�K�� �K�L�G�U�D�X�O�L�þ�N�L�P�� �G�L�P�H�Q�]�L�R�Q�L�U�D�Q�M�H�P����
�S�U�R�F�L�M�H�Q�M�H�Q�L�� �V�X�� �L�Q�Y�H�V�W�L�F�L�M�V�N�L�� �W�U�R�ã�N�R�Y�L�� �L�]�J�U�D�G�Q�M�H��zahvata, crpnih stanica, akumulacija, 
�P�D�J�L�V�W�U�D�O�Q�L�K�� �L�� �G�L�V�W�U�L�E�X�F�L�M�V�N�L�K�� �F�M�H�Y�R�Y�R�G�D���� �2�S�H�U�D�W�L�Y�Q�L�� �W�U�R�ã�N�R�Y�L�� �V�X�� �S�U�R�U�D�þ�X�Q�D�W�L�� �Q�D�� �J�R�G�L�ã�Q�M�R�M��
�R�V�Q�R�Y�L���� �S�R�� �M�H�G�L�Q�L�F�L�� �]�D�K�Y�D�ü�H�Q�H�� �Y�R�G�H�� ���P3������ �D�� �G�L�M�H�O�H�� �V�H�� �Q�D�� �W�U�R�ã�N�R�Y�H�� �R�G�U�å�D�Y�D�Q�M�D�� �V�X�V�W�D�Y�D��
���I�L�N�V�Q�H���� �L�� �S�R�J�R�Q�V�N�H�� �W�U�R�ã�N�R�Y�H�� �V�X�V�W�D�Y�D�� ���Y�D�U�L�M�Dbilne). U varijantama zahvata gdje postoji 
�P�R�J�X�ü�Q�R�V�W���Y�O�D�V�W�L�W�H���S�U�R�L�]�Y�R�G�Q�M�H���H�O�H�N�W�U�L�þ�Q�H���H�Q�H�U�J�L�M�H�����+�(���=�U�P�D�Q�M�D���L���+�(���(�U�Y�H�Q�L�N�������S�R�J�R�Q�V�N�L��
�W�U�R�ã�N�R�Y�L�� �]�D�K�Y�D�W�D�� �V�X�� �X�P�D�Q�M�H�Q�L�� �]�D�� �W�D�M�� �L�]�Q�R�V���� �7�D�E�O�L�F�D�� ���� �S�U�L�N�D�]�X�M�H�� �L�Q�Y�H�V�W�L�F�L�M�V�N�H�� �L�� �R�S�H�U�D�W�L�Y�Q�H��
�W�U�R�ã�N�R�Y�H���S�U�H�P�D���U�D�]�P�D�W�U�D�Q�L�P���Y�D�U�L�M�D�Q�W�Dma. 
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Tablica 2. �3�U�H�J�O�H�G���L�Q�Y�H�V�W�L�F�L�M�V�N�L�K���L���R�S�H�U�D�W�L�Y�Q�L�K���W�U�R�ã�N�R�Y�D���S�U�H�P�D���S�U�H�G�O�R�å�H�Q�L�P���Y�D�U�L�M�D�Q�W�D�P�D 
Table 2. Overview of investment and operating costs by suggested variants 
 

Opis stavke Jed. mj. 
Varijanta  

HE Zrmanja HE Ervenik RHE Velebit 
Brana kn 377.887.909 660.044.168 0 
Zahvat i CS kn 125.681.976 97.510.897 130.137.137 
Magistralni cjevovod kn 1.361.604.232 1.624.839.187 1.349.838.192 
Akumulacije kn 2.056.805.656 2.019.572.750 2.258.719.688 
CS uz akumulacije kn 111.876.724 111.876.724 111.876.724 
Distribucijski sustav kn 1.067.663.610 1.067.663.610 1.067.663.610 
UKUPNO kn 5.101.520.107 5.581.507.335 4.918.235.350 
�9�O�D�V�W�L�W�D���S�R�W�U�R�ã�Q�M�D���(�O����energije u prosj. g. GWh -37,78 -24,97 -37,68 
Proizvodnja El. energije u prosj. g. GWh 27,92 40,92 0 
�)�L�N�V�Q�L���R�S�H�U�D�W�L�Y�Q�L���W�U�R�ã�D�N kn/m3 1,54 1,56 1,47 
�9�D�U�L�M�D�E�L�O�Q�L���R�S�H�U�D�W�L�Y�Q�L���W�U�R�ã�D�N kn/m3 0,54 0,20 1,43 
Cijena vode-UKUPNO kn/m3 2,08 1,76 2,90 

 
 
�2�G�D�E�L�U���R�S�W�L�P�D�O�Q�R�J���U�M�H�ã�H�Q�M�D���L���]�D�N�O�M�X�þ�D�N 
 
�=�D���R�G�D�E�L�U���R�S�W�L�P�D�O�Q�H���Y�D�U�L�M�D�Q�W�H���N�R�U�L�ã�W�H�Q�D���M�H���H�N�R�Q�R�P�V�N�D���D�Q�D�O�L�]�D���V�Y�H�X�N�X�S�Q�L�K���N�R�U�L�V�W�L���L���W�U�R�ã�N�R�Y�D��
�Y�D�U�L�M�D�Q�W�L�� �X�� �S�H�U�L�R�G�X�� �U�D�]�P�D�W�U�D�Q�M�D�� �R�G�� ������ �J�R�G�L�Q�D���� �8�� �H�N�R�Q�R�P�V�N�R�M�� �D�Q�D�O�L�]�L���� �N�D�R�� �W�U�R�ã�N�R�Y�L����
�X�N�O�M�X�þ�H�Q�L�� �W�U�R�ã�N�R�Y�L�� �L�]�J�U�D�G�Q�M�H�� �L�� �R�S�H�U�D�W�L�Y�Q�L�� �W�U�R�ã�N�R�Y�L���� �3�U�H�W�S�R�V�W�D�Y�O�M�H�Q�H�� �N�R�U�L�V�W�L�� �R�G�� �X�Y�R�ÿ�H�Q�M�D��
navodnjavanja, sukladno inkrementalnoj promjeni strukture poljoprivredne proizvodnje, 
�L�]�Q�R�V�H�� �������������� �N�Q���K�D���� �'�R�G�D�W�Q�H�� �N�R�U�L�V�W�L�� �R�G�� �S�U�R�G�D�M�H�� �H�O�H�N�W�U�L�þ�Q�H�� �H�Q�H�U�J�L�M�H�� �X�N�O�M�X�þ�H�Q�H�� �V�X�� �V�D�P�R�� �X��
�Y�D�U�L�M�D�Q�W�L�� �+�(�� �(�U�Y�H�Q�L�N�� �J�G�M�H�� �S�R�V�W�R�M�L�� �Y�L�ã�D�N�� �R�G�� ������ �*�:�K�� �Q�D�N�R�Q�� �S�R�N�U�L�ü�D�� �S�R�J�R�Q�D�� �]�D�K�Y�D�W�D�� �L�]��
vlastite proizvodnje. 
�3�U�R�P�D�W�U�D�M�X�ü�L�� �R�P�M�H�U�� �G�L�V�N�R�Q�W�L�U�D�Q�L�K�� �N�R�U�L�V�W�L�� �L�� �W�U�R�ã�N�R�Y�D���� �S�U�L�� �V�W�R�S�L�� �R�G�� �� %, najpovoljniji omjer 
�G�L�V�N�R�Q�W�L�U�D�Q�L�K���N�R�U�L�V�W�L���L���W�U�R�ã�N�R�Y�D�������������L�P�D���Y�D�U�L�M�D�Q�W�D���]�D�K�Y�D�W�D���Q�D���+�(���=�U�P�D�Q�M�D�����,�D�N�R�����Y�D�U�L�M�D�Q�W�D��
�+�(�� �(�U�Y�H�Q�L�N�� �R�V�L�P�� �Q�D�Y�R�G�Q�M�D�Y�D�Q�M�D�� �R�V�W�Y�D�U�X�M�H�� �G�R�G�D�W�Q�H�� �N�R�U�L�V�W�L�� �R�G�� �S�U�R�G�D�M�H�� �Y�L�ã�N�D�� �H�O�H�N�W�U�L�þ�Q�H��
energije, zbog visokih i�Q�Y�H�V�W�L�F�L�M�V�N�L�K�� �W�U�R�ã�N�R�Y�D���� �L�S�D�N�� �L�P�D�� �Q�L�å�L�� �R�P�M�H�U�� �G�L�V�N�R�Q�W�L�U�D�Q�L�K�� �N�R�U�L�V�W�L�� �L��
�W�U�R�ã�N�R�Y�D�� ������������ �9�D�U�L�M�D�Q�W�D�� �5�+�(�� �9�H�O�H�E�L�W���� �]�E�R�J�� �Q�D�M�Y�L�ã�L�K�� �R�S�H�U�D�W�L�Y�Q�L�K�� �W�U�R�ã�N�R�Y�D���� �L�P�D�� �Q�D�M�Q�L�å�L��
�R�P�M�H�U���G�L�V�N�R�Q�W�L�U�D�Q�L�K���N�R�U�L�V�W�L���L���W�U�R�ã�N�R�Y�D������������ 
�1�D�N�R�Q�� �V�Y�L�K�� �S�U�R�Y�H�G�H�Q�L�K�� �D�Q�D�O�L�]�D�� �N�D�R�� �R�S�W�L�P�D�O�Q�R�� �L�� �G�U�X�ã�W�Y�H�Q�R�� �R�S�U�D�Y�G�D�Q�R�� �U�M�H�ã�H�Q�M�H�� �Q�D�P�H�ü�H�� �V�H��
izgradnja sustava za navodnjavanje na 17.561 ha prema varijanti zahvata vode na HE 
Zrmanja. 
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WATER POTENTIAL FROM HYDRO -TECHNICAL SYSTEMS IN 
ZRMANJA R IVER BASIN AND LIKA PLATO FOR IRRIGATION 

PURPOSE IN THE ZADAR COUNTY  

UDC: 626.81(497.581.1) 

�(�Q�H�V���2�E�D�U�þ�D�Q�L�Q�����ä�H�O�M�N�R���7�X�V�L�ü�����$�Q�D���-�H�O�N�D���*�U�D�I 
 
Vodoprivredno-projektni biro d. d., Ulica grada Vukovara 271, 10000 Zagreb, Croatia 

professional paper 
�6�D�å�H�W�D�N 

 
The analysis included 17.561 ha of agricultural land in the Zadar County area, which were divided 
into 13 functional units. In the dry year, irrigation water requirements of the scope area are 46.5 
million m3. Available water sources are basins Lika plato and river Zrmanja basin. According to the 
�S�U�L�R�U�L�W�L�H�V�� �D�O�O�� �³�X�V�H�U�V�´�� �L�Q�� �W�K�H�� �E�D�V�L�Q�� �Z�H�U�H�� �W�D�N�H�Q�� �L�Q�W�R�� �D�F�F�R�X�Q�W���� �H�F�R�O�R�J�L�F�D�O���� �Z�D�W�H�U�� �V�X�S�S�O�\���� �H�Q�H�U�J�\�� �D�Q�G��
irrigation. Available water for irrigation from river Zrmanja is directed at the two locations of 
planned multipurpose hydro technical systems HE Ervenik and HE Zrmanja. The profile of the HE 
�ä�H�J�D�U���D�Q�D�O�\�V�L�V���Z�D�V���R�P�L�W�W�H�G���G�X�H���W�R���V�L�J�Q�L�I�L�F�D�Q�W���Z�D�W�H�U���O�R�V�V�H�V���R�Q���W�K�H���X�S�V�W�U�H�D�P���V�H�F�W�L�R�Q�����7�K�H���S�U�R�G�X�F�W�L�R�Q��
capacity in the average year is 41 GWh on the HE Ervenik and 28 GWh on the HE Zrmanja. Since 
the HE Ervenik profile is located higher upstream and it is at a suitable elevation compared to the 
irrigated area, expressed as energy consumption in the average year it is needed 25 GWh, which is 
17 GWh less compared to its own production capacity. HE Zrmanja profile is located lower 
according to the irrigated area and it is necessary 38 GWh of energy for the same amount of water, 
which exceeds its average annual production capacity for 10 GWh. The total investment costs of the 
first option are 5.6 billion HRK, while operation and maintenance costs are 1.75 HRK/m3 of 
distributed water for irrigation. While the investment in the second option is lower and it is 5.1 
billion HRK, but with higher operation and maintenance costs of 2.08 HRK/m3 of distributed water. 
Available waters from the Lika plato today are used in the RHE Velebit hydro energy system. 
Additional water amount is limited both in terms of its accumulation and distribution to the 
irrigation area. The only solution for using water from the Lika plato basin is pre-used water in the 
RHE Velebit reservoir Razovac. Elevation of the Razovac reservoir is approximately equal to the 
HE Zrmanja profile, therefore the average annual energy demand is 38 GWh. The total investment 
costs of this option are the lowest with the amount of 4.9 billion HRK, but there is no capacity to 
cover the energy consumption from own production so operation and maintenance costs are 2.91 
HRK/m3 which is extremely high. Comparing the total costs of these options through the 50 year 
period, the HE Zrmanja profile is indicated as an optimal option which provides a multipurpose 
system with ability to ensure irrigation of a significant part of the agricultural area of the Zadar 
County. 
 
Keywords: Zadar county, Zrmanja, Lika plato, multipurpose hydro technical system, irrigation 
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OLIVE POMACE LEACHATE WASTEWATER TREATMENT BY 
AERATION AND FLOCCULATION AND SORPTION METHOD  

UDC: 665.327.3 : 628.316.12 

Marina Trgo �
�����0�D�U�L�Q���8�J�U�L�Q�D�����7�R�Q�N�D���6�U�G�R�F�����,�Y�D�Q�D���â�H�W�N�D 
 
�)�D�F�X�O�W�\�� �R�I�� �&�K�H�P�L�V�W�U�\�� �D�Q�G�� �7�H�F�K�Q�R�O�R�J�\���� �8�Q�L�Y�H�U�V�L�W�\�� �R�I�� �6�S�O�L�W���� �5�X�ÿ�H�U�D�� �%�R�ã�N�R�Y�L�ü�D�� �������� ������������ �6�S�O�L�W����
Croatia 

original scientific paper 
Summary 

 
Olive oil production generates large amounts of solid and liquid wastes, particularly in the 
Mediterranean countries. Treatment of these wastes is obligatory in EU, but treatment methods are not 
clearly defined due to the complexity of their composition. The olive pomace leachate is one of the 
generated wastes and this paper examines its simulated production and treatment. Leaching of olive 
pomace is a fast process due to the high content of soluble compounds and the obtained acidic leachate 
has very high Chemical oxygen demand (COD) and Biological Oxygen demand (BOD5) values. The 
treatment with aeration and flocculation decreases COD for 58.41% at the optimal flocculant 
concentration of 10 mmol/L. The addition of active carbon decreases the COD value down to 495 
mg/L, which is a value suitable for the discharge into sewage systems. Aeration and sorption onto 
active carbon can be recommended as methods for the treatment of the olive pomace leachate. 
 
Keywords: olive oil pomace, leaching, COD, BOD5, leachate treatment 
 
Introduction  
 
Growing olive trees and olive oil production has an important role in the agricultural and 
food production of the Mediterranean countries. The importance of the role of olive oil in 
human consumption during the last two decades has significantly increased growing of 
olive trees. According to the olive Oil Council (http://www.internationaloliveoil.org), more 
than one billon trees are currently included in the production of olive oil in the 
Mediterranean basin. During the harvesting season 2018/19, 3130 million tons of olive oil 
was produced. The leading olive oil producers are Spain, Italy, Greece and Portugal 
(Dermeche et al., 2013). Olive pomace (OP) is a solid by-product obtained from the 
production of olive oil using the extraction process. It is usually brown coloured with 
different water contents, depending on the production performance. Croatia produces about 
30 000 tons of olives and their processing obtains about 12 000 tons of olive pomace 
���=�U�Q�þ�H�Y�L�ü�����������������%�U�O�H�N���6�D�Y�L�ü���H�W���D�O���������������������7�K�H�U�H���D�U�H���J�H�Q�H�U�D�O�O�\���W�Z�R���W�\�S�H�V���R�I���R�O�L�Y�H��pomace; 
the first one with high water content, up to 70%, obtained from two-stage olive separation 
and the second one with water content of 25-45 %, obtained from three-stage olive oil 
separation (Khoufi et al., 2006). The high content of organic matter, particularly 
                                                 
*mtrgo@ktf-split.hr 
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polyphenolic compounds, in olive pomace implies its possible utilization in many 
processes. Low-moisture pomace obtained from the three-stage process is usually dried 
and used to produce thermal energy by combustion or is composted (Alvarez de la Puente 
et al., 2010). The average content of the olive pomace obtained from three-stage 
separations is presented in Table 1. 
 
Table 1. �&�R�P�S�R�V�L�W�L�R�Q���R�I���W�K�H���R�O�L�Y�H���S�R�P�D�F�H�����%�U�O�H�N���6�D�Y�L�ü���H�W���D�O���������������� 
 

Parameter Content % 
water 20-25 

proteins 4.5-9 
organic fibres 40-55 

oil 2-10 
ash 2-6 

 
 
Huge amounts of olive pomace have been disposed in uncontrolled areas causing serious 
�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �S�U�R�E�O�H�P�V�� ���2�U�H�ã�ü�D�Q�L�Q���� �������������� �7�K�H�� �O�H�D�F�K�L�Q�J�� �R�I�� �R�O�L�Y�H�� �S�R�P�D�F�H�� �F�D�X�V�H�V��
generation of wastewater (Mavros et al., 2008), which is very similar to olive mill 
wastewater containing highly toxic organic compounds, of low pH and high Chemical 
oxygen demand (COD). These wastewaters are phytotoxic, increase hydrophobicity of 
soils and decrease water retention (Caputo et al., 2013; Dermeche et al., 2013). The 
leachate of olive pomace (OPL) percolates through the soil causing underground water 
pollution. This environmental impact is one of most dangerous due to the reduction of 
oxygen availability in underground water streams, which leads to anaerobic conditions and 
permanent degradation of water sources (Dermeche et al., 2013). The study of utilization 
processes of all by-products of olive oil production such us bioconversion, energy 
production, recovery of valuable compounds plays an important role in the reduction of 
�Z�D�V�W�H�� �J�H�Q�H�U�D�W�H�G�� �L�Q�� �W�K�L�V�� �S�U�R�J�U�H�V�V�L�Y�H�� �I�R�R�G�� �L�Q�G�X�V�W�U�\�� ���=�U�Q�þ�H�Y�L�ü���� �������������� �7�D�E�O�H�� ���� �V�K�R�Z�V�� �W�K�H��
analysis of olive pomace leachate (OPL) examined by Mavros et al. (2008). 
 
 
Table 2. Physico-chemical quality of OPL (Mavros et al., 2008) 
 

Parameter Content % 
Chemical oxygen demand, COD, mg O2/L 3524 
Total dissolved solids, TDS, mg/L 380 
Colour, TCU 2694 
pH 7.6 
Conductivity, mS/cm 3.4 
Total nitrogen, TN, mg/L 32 
Total phosphorus, TP, mg/L 2.7 
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Possible contamination of groundwater due to leaching of nutrients and polyphenolic 
compounds has not been intensively studied. The purpose of this investigation is to 
evaluate the rate of leaching and optimal treatment of OPL produced from olive pomace 
collected in the central Dalmatia region (Croatia) from the three-phase process of olive oil 
production. 
 
Materials and methods 
 
Leaching of olive pomace 
 
The olive pomace (OP) used in experiment was collected from the olive oil factory in the 
Split area, Dalmatia region, Croatia in November 2018. After sampling, 2 kg of OP was 
homogenized and stored in a fridge at 5 �ƒ�&���D�Q�G���D�O�O���H�[�S�H�U�L�P�H�Q�W�V���Z�H�U�H���S�H�U�I�R�U�P�H�G���I�R�U�������G�D�\�V����
The total water content of 51.2% was determined by drying at 100 �ƒ�&, and total organic 
compounds in the amount of 97.95% were determined by heating at 550 �ƒ�&�����7�K�H���O�H�D�F�K�L�Q�J��
procedure was examined in a cylindrical vessel with the perforated bottom which enables 
the flow of OPL to the collecting vessel. The leaching solution was distilled water where 
the continuous flow rate of 1.16-1.19 mL/min was achieved by a peristaltic pump. The 
leaching solution was passing continuously through the 3 cm fixed bed of OP, producing 
leachate according to the scheme in Figure 1. 
 

 
 

Figure 1. Scheme of the simulation of olive pomace leachate production 
 
 
Leaching was performed in three time intervals, each lasting 10 hours, during three days, 
in order to examine the leaching rate during constant exposure to water. Main parameters 
were determined in three collected leachates: pH, turbidity, chemical oxygen demand 
(COD), biochemical oxygen demand (BOD5) and total Kjeldahl nitrogen (TNK). The 
obtained results are presented in Table 3. 
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Table 3. Results of leaching during three time intervals 
 

Parameter First interval  Second 
interval  

Third 
interval  

Continuously 
during 16.26 h 

Max. 
allowed* 

Leachate volume, 
mL 

1130 1190 1160 3480 - 

pH 4.07 5.14 5.72 4.34 6.5-9.5 
Turbidity, NTU 188 32 14 73 - 
COD, mg O2/L 4736 230 121 2448 700 
BOD5, mg O2/L 2560 141 38 725 250 
TNK, mg N/L 22.4 0.0 0.0 11 50 

*�0�D�[�L�P�D�O���D�O�O�R�Z�H�G���Y�D�O�X�H�V���D�F�F�R�U�G�L�Q�J���W�R���&�U�R�D�W�L�D�Q���O�D�Z�����3�U�D�Y�L�O�Q�L�N���R���J�U�D�Q�L�þ�Q�L�P���Y�U�L�M�H�G�Q�R�V�W�L�P�D���H�P�L�V�L�M�D���R�W�S�D�G�Q�L�K���Y�R�G�D�����1�1�������������� 

 
 
Leachate treatment 
 
The leaching experiment was repeated, as previously described, but continuously during 
16.26 hours to obtain 3.48 L of the leachate at the flow rate 3.56 mL/min. Parameters 
determined in this sample are shown in the last column in Table 3 and compared to the 
maximum allowed values for discharge into sewage systems according to Croatian laws. 
This leachate was aerated during 3 days and COD and BOD5 were determined in the 
suspension and are shown in Table 4. After aeration, the leachate was divided into two parts. 
In the first part of the leachate, flocculation was performed by the Al2(SO4)3 solution to 
obtain different concentrations of the flocculant in suspensions of 0.2; 2.0; 10 and  
20 mmol/L. The experiment was performed in the JAR test apparatus, by adding the 
flocculant into 400 mL of the leachate, mixing at 160 rpm for 5 minutes, followed by 
mixing at 45 rpm for 10 minutes. After flocculation, the solution settled for 30 minutes, 
was then filtered and pH and COD were determined in the filtrate. 
In the second part of the leachate, adsorption onto different masses of granulated active 
carbon using the batch method was performed. The experiment was performed in six 
vessels filled with 100 mL of the aerated leachate by adding of mass of granulated active 
carbon of 1.0; 2.0; 3.0; 5.0 and 7.0 g respectively. Vessels were closed and shaken at room 
temperature for 24 hours at 120 rpm. After shaking, suspensions were filtered and pH and 
COD were determined in the filtrate. 
 
Results and discussion 
 
Continuous monitoring of the leaching procedure has shown fast solubility of harmful 
compounds in the olive pomace with COD reaching the value of 4736 mg/L and acidic 
wastewater showing a high content of biodegradable matter. After 10 hours, COD rapidly 
decreased, as well as BOD5, indicating that the leaching procedure was very fast. Moreover, a 
high content of organic compounds indicates that the leachate is very dangerous due to its fast 
spreading in a short period after percolation of the pomace in the open area exposed to rain and 
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other atmospheric conditions. The measured values are above the maximal allowed 
concentrations for the discharge into sewage systems and the appropriate treatment is 
necessary. The small content of the Kjeldahl nitrogen means a low content of ammonia and 
nitrogen-containing organic compounds. The aeration of the obtained leachate for 3 days did 
not decrease the turbidity of the suspension, but it decreased COD and BOD5 for as much as 
1% and 30% respectively, but their values are still above permissible level (Table 4). 
 
Table 4. COD and BOD5 removal efficiency during aeration 
 

Sample COD, mg O2/L  BOD5, mg O2/L  
Raw leachate 2448 725 
After aeration 1445 507 
Removal efficiency, % 41 30 

 
 
Flocculation has been recognized as a promising method according to Mavros et al., 
(2008). Therefore, the leachate sample after aeration was treated by flocculation with 
different flocculant concentrations in the suspensions. The increase of the flocculant 
concentration has a favourable effect on COD decrease, where the pH value became lower, 
�D�V���V�K�R�Z�Q���L�Q���7�D�E�O�H���������â�H�W�N�D���������������� 
 
 
Table 5. COD and BOD5 removal efficiency after flocculation 
 

Sample c(Al2(SO4)3), mmol/L pH COD,  
mg O2/L  

Removal efficiency, % 

Leachate after aeration 0 4.34 1445 -- 

After flocculation 

0.2 5.53 1327 8.17 
2.0 4.21 1346 6.85 
10.0 3.82 1018 29.55 
20.0 3.61 1030 28.71 

 
 
The combined effect of the aeration and flocculation procedure on the efficiency of 
leachate treatment is shown in Figure 2. 
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Figure 2. COD removal efficiency after aeration and flocculation 
 
 
From Figure 2 it is obvious that aeration and flocculant concentration of 10 mmol/L 
achieve the highest efficiency of the COD removal up to 58.41% but the value of 1018 
mg/L is still above the permissible value. 
The treatment with active carbon is also recognized as a promising method for COD 
decrease in olive oil wastewaters particularly due to the sorption of polyphenolic 
compounds (Mavros et al., 2008). Our experiments have shown the evident decrease of 
COD with the mass of added active carbon (Table 6), where the highest total efficiency of 
the aeration and active carbon treatment of 79.78% was obtained with 5 g in 100 mL of 
aerated leachate (Figure 3). The minimal achieved COD value is 495 mg/L which is 
suitable for the discharge into sewage waters. 
 
 
Table 6. COD and BOD5 removal efficiency after adsorption on active carbon 
 

Sample m (active carbon), g COD, mg O2/L  Removal efficiency, % 
Leachate after aeration 0 1445 -- 

After adsorption 

1 1129 21.86 
2 851 41.11 
3 812 43.81 
5 495 65.74 
7 525 63.67 
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Figure 3. COD removal efficiency after aeration and adsorption 
 
 
Conclusion 
 
Olive oil production in the Mediterranean countries produces huge amounts of liquid and 
solid wastes and their treatment and utilization methods should be a challenge for the 
research in the environmental protection. Olive pomace is a solid by-product of olive oil 
production. However, improper disposal leads to very fast leaching of pomace in the first 
10 hours and forming of leachate which contains environmentally harmful soluble 
compounds. The obtained leachate has low pH, very high BOD5 and COD values and 
contains biodegradable compounds. Two various treatments of the produced leachate have 
yielded satisfactory results. The first treatment involved aeration and flocculation: the 
flocculant concentration of 10 mmol/L has achieved the best decrease of COD but did not 
satisfy the criteria for the discharge into sewage systems. The treatment with active carbon 
has achieved better results in general, where the addition of 5g of active carbon to 100 mL 
of aerated leachate yielded the lowest final COD value of 495 mg/L, suitable for the 
discharge. The comparison of these two methods indicates aeration and sorption on active 
carbon to be more effective, where the generation of new solid wastes should be avoided 
by the recovery of the saturated active carbon. 
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IZVEDIVOST THP PROCESA OBRADE MULJA NA  
�3�2�6�7�2�-�(�û�,M I NOVIM UPOV-IMA  

UDK: 628.1.034.2 : 628.16.0 

�'�U�D�å�H�Q���9�R�X�N1�
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2�6�Y�H�X�þ�L�O�L�ã�W�H���6�M�H�Y�H�U�����2�G�M�H�O���*�U�D�G�L�W�H�O�M�V�W�Y�D�����8�O���������������E�U�L�J�D�G�H���������������������9�D�U�D�å�G�L�Q�����+�U�Y�D�W�V�N�D 

�V�W�U�X�þ�Q�L���U�D�G 
S�D�å�H�W�D�N 

 
THP �S�U�R�F�H�V�� �S�U�H�G�V�W�D�Y�O�M�D�� �R�E�O�L�N�� �S�U�H�W�K�R�G�Q�H�� �L�O�L�� �Q�D�N�Q�D�G�Q�H�� �R�E�U�D�G�H�� �P�X�O�M�D�� �V�� �X�U�H�ÿ�D�M�D�� �]�D�� �S�U�R�þ�L�ã�ü�D�Y�D�Q�M�H��
otpadnih voda (UPOV������ �X�� �N�R�P�E�L�Q�D�F�L�M�L�� �V�� �D�Q�D�H�U�R�E�Q�R�P�� �G�L�J�H�V�W�L�M�R�P�� �W�H���V�H�� �P�R�å�H�� �X�V�S�M�H�ã�Q�R���L�Q�W�H�J�U�L�U�D�W�L�� �Q�D��
novo projektiranim i po�V�W�R�M�H�ü�L�P��UPOV-ima. Primjenom THP �S�U�R�F�H�V�D���S�R�V�W�L�å�H���V�H���V�P�D�Q�M�H�Q�M�H���X�N�X�S�Q�L�K��
�N�R�O�L�þ�L�Q�D�� �P�X�O�M�D���� �S�R�Y�H�ü�D�Q�M�H�� �S�U�R�L�]�Y�R�G�Q�M�H�� �E�L�R�S�O�L�Q�D�� �L�� �G�R�E�L�Y�D�Q�M�D�� �P�X�O�M�D�� �S�R�Y�R�O�M�Q�L�M�L�K�� �N�D�U�D�N�W�H�U�L�V�W�L�N�D�� �]�D��
�Q�M�H�J�R�Y�R�� �G�D�O�M�Q�M�H�� �]�E�U�L�Q�M�D�Y�D�Q�M�H���� �'�R�V�D�G�D�ã�Q�M�D�� �V�Y�M�H�W�V�N�D�� �S�U�D�N�V�D�� �X�N�D�]�X�M�H�� �Q�D�� �L�V�S�O�D�W�L�Y�R�V�W�� �S�U�L�P�M�H�Q�H��THP 
procesa na UPOV-�L�P�D�� �Y�H�ü�H�J�� �N�D�S�D�F�L�W�H�W�D�� ���Y�H�ü�L�P�� �R�G�� ���������������� �(�6������ �3�U�R�F�H�V��THP-a se na UPOV-ima 
�P�R�å�H�� �S�U�L�P�L�M�H�Q�L�W�L�� �Q�D�� �G�Y�D�� �R�V�Q�R�Y�Q�D�� �Q�D�þ�L�Q�D��- ispred anaerobnih digestora (prednost na novo 
projektiranim UPOV-�L�P�D���L���N�R�G���S�R�V�W�R�M�H�ü�L�K��UPOV-�D���Q�D���N�R�M�L�P�D���V�H���S�O�D�Q�L�U�D���S�R�Y�H�ü�D�Q�M�H���Napaciteta linije 
�P�X�O�M�D������ �L�� �Q�D�N�R�Q�� �D�Q�D�H�U�R�E�Q�L�K�� �G�L�J�H�V�W�R�U�D�� ���S�U�H�G�Q�R�V�W�� �N�R�G�� �S�R�V�W�R�M�H�ü�L�K��UPOV-a kod kojih se ne planira 
�S�R�Y�H�ü�D�Q�M�H���N�D�S�D�F�L�W�H�W�D���O�L�Q�L�M�H���P�X�O�M�D�������2�Y�D�M���U�D�G���G�D�M�H���N�U�D�W�D�N���R�S�L�V���P�H�W�R�G�R�O�R�J�L�M�H���L���U�H�]�X�O�W�D�W�D���S�U�L�P�M�H�Q�H��THP 
�S�U�R�F�H�V�D���Q�D���S�R�V�W�R�M�H�ü�L�P���L���Q�R�Y�L�P��UPOV-ima. Kroz a�Q�D�O�L�]�X���W�U�R�ã�N�R�Y�D���L���N�R�U�L�V�W�L�����L�]�Y�H�G�L�Y�R�V�W��THP procesa 
je detaljnije analizirana na UPOV Osijek i to bilo za njegovu izgradnju na novom UPOV-u Osijek ili 
kao dodatnu nadogradnju jednom kada se UPOV Osijek pusti u pogon. Provedene analize ukazuju 
na ekonomsku is�S�O�D�W�L�Y�R�V�W�� �X�Y�R�ÿ�H�Q�M�D��THP �S�U�R�F�H�V�D���� �X�]�� �V�D�J�O�H�G�D�Y�D�Q�M�H�� �N�O�M�X�þ�Q�L�K�� �I�D�N�W�R�U�D�� �S�R�S�X�W�� �W�U�R�ã�N�D��
�X�Y�R�ÿ�H�Q�M�D�� �S�U�R�F�H�V�D�� ���L�]�J�U�D�G�Q�M�D�� �W�H�� �S�R�J�R�Q�� �L�� �R�G�U�å�D�Y�D�Q�M�H������ �H�Q�H�U�J�H�W�V�N�H�� �L�V�N�R�U�L�V�W�L�Y�R�V�W�L�� �L�� �N�R�Q�D�þ�Q�R�J��
zbrinjavanja mulja. 
 
�.�O�M�X�þ�Q�H���U�L�M�H�þ�L�� �S�U�R�þ�L�ã�ü�D�Y�D�Q�M�H�����P�X�O�M����THP, UPOV, Osijek 
 
Uvod 
 
�.�R�O�L�þ�L�Q�D�� �P�X�O�M�D�� �N�R�M�D�� �Q�D�V�W�D�M�H�� �N�D�R�� �Q�H�L�]�E�M�H�å�D�Q�� �S�U�R�G�X�N�W�� �Q�D�� �X�U�H�ÿ�D�M�L�P�D�� �]�D�� �S�U�R�þ�L�ã�ü�D�Y�D�Q�M�H��
otpadnih voda (UPOV���� �N�R�Q�V�W�D�Q�W�Q�R�� �V�H�� �S�R�Y�H�ü�D�Y�D�� �Q�D�� �V�Y�M�H�W�V�N�R�M�� �L�� �Q�D�F�L�R�Q�D�O�Q�R�M�� �U�D�]�L�Q�L����
�=�E�U�L�Q�M�D�Y�D�Q�M�H�� �P�X�O�M�D�� �Q�D�� �H�N�R�O�R�ã�N�L�� �S�U�L�K�Y�D�W�O�M�L�Y�� �Q�D�þ�L�Q�� �W�H�� �X�� �V�N�O�D�G�X�� �V�� �N�U�L�W�H�U�L�M�L�P�D�� �]�D�N�R�Q�V�N�H��
regulative, zahtijeva prethodnu obradu mulja na UPOV-�X���� �3�U�L�P�M�H�Q�R�P�� �R�G�J�R�Y�D�U�D�M�X�ü�H��
�W�H�K�Q�R�O�R�J�L�M�H���R�E�U�D�G�H�����R�V�W�Y�D�U�X�M�H���V�H���Y�H�O�L�N�L���E�U�R�M���P�R�J�X�ü�L�K���N�R�P�E�L�Q�D�F�L�M�D���]�E�U�L�Q�M�D�Y�D�Q�M�D���P�X�O�M�D�����-�H�G�D�Q��
�R�G�� �E�U�R�M�Q�L�K�� �U�M�H�ã�H�Q�M�D�� �R�E�U�D�G�H�� �M�H�� �S�R�V�W�X�S�D�N�� �W�H�U�P�D�O�Q�H�� �K�L�G�U�R�O�L�]�H�� ���H�Q�J�O���� �7�K�H�U�P�D�O�� �+�\�G�U�R�O�\�V�L�V��
Process - THP)���� �N�R�M�L�� �V�H�� �X�� �V�W�U�X�þ�Q�R�M�� �O�L�W�H�U�D�W�X�U�L�� �V�Y�U�V�W�D�Y�D�� �X�� �Q�D�S�U�H�G�Q�H�� �S�R�V�W�X�S�N�H�� �V�W�D�E�L�O�L�]�D�F�L�M�H��
mulja (Irish Water, 2016). Prva instalacija THP postrojenja u punom mjerilu izvedena u 
Hamar-�X�����1�R�U�Y�H�ã�N�D�����������������J�R�G�L�Q�H�����3�D�Q�W�H�U���D�Q�G���.�O�H�L�Y�H�Q���������������� 
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THP je dvostupanjski postupak u kojem se mulj prvo zagrijava (150-165 �ƒ�&�����S�R�G���Y�L�V�R�N�L�P��
tlakom (6-�����E�D�U�����L�]�D���þ�H�J�D���V�O�L�M�H�G�L���E�U�]�D���G�H�N�R�P�S�U�H�V�L�M�D�����2�Y�L�P���N�R�P�E�L�Q�L�U�D�Q�L�P���S�R�V�W�X�S�N�R�P���P�X�O�M��
�S�R�V�W�D�M�H���V�W�H�U�L�O�D�Q���L���Y�L�ã�H���E�L�R�U�D�]�J�U�D�G�L�Y�����7�R���]�Q�D�þ�L���G�D���ü�H���V�H���X���S�R�V�W�X�S�N�X���D�Q�D�H�U�R�E�Q�H���G�L�J�H�V�W�L�M�H��(koji 
slijedi nakon THP-�D�����X�N�O�R�Q�L�W�L���Y�H�ü�L���G�L�R���R�U�J�D�Q�V�N�H���W�Y�D�U�L���L���S�R�V�W�L�ü�L���Y�H�ü�L���H�Q�H�U�J�H�W�V�N�L���X�þ�L�Q�D�N���N�U�R�]��
�S�R�Y�H�ü�D�Q�X�� �S�U�R�L�]�Y�R�G�Q�M�X�� �E�L�R�S�O�L�Q�D���� �3�U�L�W�R�P�� �V�H�� �R�V�W�Y�D�U�X�M�X�� �L�� �]�Q�D�þ�D�M�Q�H�� �X�ã�W�H�G�H�� �X�� �Y�R�O�X�P�H�Q�X��
digestora, obzirom da u digestore nakon THP-a ulazi mulj s 2-���� �S�X�W�D�� �Y�H�ü�R�P��
koncentracijom mulja (8-12 �����V�X�K�H���W�Y�D�U�L�����6�7���������D���Y�U�L�M�H�P�H���]�D�G�U�å�D�Y�D�Q�M�D���P�X�O�M�D���X���G�L�J�H�V�W�R�U�L�P�D��
je oko 15 dana, u odnosu na konvencionalne digestore (bez THP-a). S porastom 
�N�R�Q�F�H�Q�W�U�D�F�L�M�H���P�X�O�M�D���X���G�L�J�H�V�W�R�U�L�P�D���U�D�V�W�H���L���N�R�Q�F�H�Q�W�U�D�F�L�M�D���D�P�R�Q�L�M�D�N�D���N�R�M�D���G�M�H�O�X�M�H���L�Q�K�L�E�L�U�D�M�X�ü�H��
na bakterije koje se u digestorima razvijaju kod konvencionalne linije mulja (bez THP-a). 
�0�H�ÿ�X�W�L�P���� �N�R�G�� �D�Q�D�H�U�R�E�Q�H�� �G�L�J�H�V�W�L�M�H�� �N�R�M�R�M�� �S�U�H�W�K�R�G�L��THP proces, razvijaju se druge vrste 
�E�D�N�W�H�U�L�M�D�� �Q�D�� �N�R�M�H�� �S�R�Y�H�ü�D�Q�H�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �D�P�R�Q�L�M�D�N�D�� �Q�H�� �G�M�H�O�X�M�X�� �L�Q�K�L�E�L�U�D�M�X�ü�H��
(Methanoculleus bourgensis, Methanospirillum hungatei) (Westerholm, 2012; Wett i sur., 
2014). Kroz sterilizaciju (zagrijavanje na visokim temperaturama u THP-�X���� �X�Q�L�ã�W�D�Y�D�M�X�� �V�H��
�S�D�W�R�J�H�Q�L�� �P�L�N�U�R�R�U�J�D�Q�L�]�P�L�� �W�H�� �V�H�� �G�R�E�L�Y�D�� �P�X�O�M�� �Y�L�V�R�N�H�� �P�L�N�U�R�E�L�R�O�R�ã�N�H�� �N�D�N�Y�R�ü�H���� �S�R�J�R�G�D�Q�� �]�D��
daljnj�X�� �R�E�U�D�G�X�� ���N�R�P�S�R�V�W�L�U�D�Q�M�H���� �V�X�ã�H�Q�M�H�� �L�� �G�U������ �L�� �N�R�U�L�ã�W�H�Q�M�H�� ���R�G�O�D�J�D�Q�M�H�� �Q�D�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�H�� �L��
�Q�H�S�R�O�M�R�S�U�L�Y�U�H�G�Q�H�� �S�R�Y�U�ã�L�Q�H�� �L�� �G�U������ ���%�D�U�E�H�U���� �������������� �'�R�G�D�W�Q�R�� �V�H��THP �S�U�R�F�H�V�R�P�� �S�R�E�R�O�M�ã�D�Y�D�M�X��
�U�H�R�O�R�ã�N�D�� �V�Y�R�M�V�W�Y�D�� �P�X�O�M�D�� ��Slika 1������ �ã�W�R�� �V�Y�H�� �V�N�X�S�D�� �U�H�]�X�O�W�L�U�D�� �S�R�W�U�H�E�R�P�� �]�D�� �]�Q�D�W�Q�R�� �P�D�Q�M�L�P��
v�R�O�X�P�H�Q�R�P�� �G�L�J�H�V�W�R�U�D�� �L�O�L�� �P�R�J�X�ü�Q�R�ã�ü�X�� �S�R�Y�H�ü�D�Q�M�D�� �R�S�W�H�U�H�ü�H�Q�M�D�� �X�N�R�O�L�N�R�� �E�L��UPOV postao 
regionalni centar za obradu mulja. THP proces obrade mulja pozitivno djeluje i na 
�X�þ�L�Q�N�R�Y�L�W�R�V�W�� �G�H�K�L�G�U�D�F�L�M�H�� �P�X�O�M�D���� �W�D�N�R�� �G�D�� �V�H�� �Q�D�N�R�Q�� �S�R�V�W�X�S�N�D�� �G�H�K�L�G�U�D�F�L�M�H�� �S�R�V�W�L�å�H�� �P�L�Q�L�P�D�O�Q�L��
udio suhe tvari u iznosu 30-32 %ST, a kod primjene THP nakon anaerobnih digestora, 
�R�G�Q�R�V�Q�R���Q�D�N�R�Q���S�R�V�W�X�S�N�D���G�H�K�L�G�U�D�F�L�M�H���S�R�V�W�L�åe se minimalni udio suhe tvari u iznosu 40 %ST 
(Barber, 2010). 
 
 

 
a    b 

 
 

Slika 1. Izgled mulja: a) prije THP procesa, b) nakon THP procesa (Goss, 2015) 
Figure 1. Sewage sludge: a) before THP process, b) after THP process (Goss, 2015) 
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Prednosti THP pr�R�F�H�V�D���V�H���Q�D���W�H�P�H�O�M�X���G�R�V�D�G�D�ã�Q�M�L�K���L�V�N�X�V�W�D�Y�D���X���U�D�G�X���Q�D���E�U�R�M�Q�L�P��UPOV-ima 
�G�L�O�M�H�P���6�Y�L�M�H�W�D���L�]�U�D�å�D�Y�D�M�X���X���V�O�M�H�G�H�ü�H�P�����%�D�U�E�H�U���������������� 
�x smanjenje proizvodnje mulja (suhe tvari u mulju) na kraju obrade za 20-30 %, 
�x �V�P�D�Q�M�H�Q�M�H���N�R�O�L�þ�L�Q�H���P�R�N�U�R�J���P�X�O�M�D���]�D������-50 % (u ukupnoj te�å�L�Q�L���� 
�x �S�R�Y�H�ü�D�Q�M�H���S�U�R�L�]�Y�R�G�Q�M�H���E�L�R�S�O�L�Q�D���L���H�Q�H�U�J�L�M�H���]�D������-50 %, 
�x sterilizacija mulja (dobivanje mulja bez patogenih mikroorganizama), 
�x dobivanje mulja sa smanjenim intenzitetom neugodnih mirisa. 
 
Pri THP �S�U�R�F�H�V�X�� �G�U�D�V�W�L�þ�Q�R�� �V�H�� �P�L�M�H�Q�M�D�M�X�� �U�H�R�O�R�ã�N�H�� �N�D�U�D�N�W�H�U�L�V�W�L�N�H��mulja (Whitlock i sur., 
�������������� �0�R�J�X�ü�Q�R�V�W�� �R�S�W�H�U�H�ü�H�Q�M�D�� �D�Q�D�H�U�R�E�Q�L�K�� �G�L�J�H�V�W�R�U�D�� �V�� �Y�H�ü�L�P�� �N�R�Q�F�H�Q�W�U�D�F�L�M�D�P�D�� �P�X�O�M�D�� ����-3 
�S�X�W�D���� �X�]�� �V�P�D�Q�M�H�Q�M�H�� �Y�U�H�P�H�Q�D�� �]�D�G�U�å�D�Y�D�Q�M�D�� �P�X�O�M�D�� �X�� �G�L�J�H�V�W�R�U�L�P�D���� �R�P�R�J�X�ü�X�M�H�� �]�Q�D�þ�D�M�Q�R��
smanjenje volumena digestora (i do 65 % manji volumen u odnosu na konvencionalno 
�U�M�H�ã�H�Q�M�H�� �E�H�]��THP-�D������ �þ�L�P�H�� �V�H�� �S�R�V�W�L�å�H�� �]�Q�D�þ�D�M�Q�R�� �V�P�D�Q�M�H�Q�M�H�� �L�Q�Y�H�V�W�L�F�L�M�V�N�L�K�� �W�U�R�ã�N�R�Y�D����THP 
�S�U�R�F�H�V�� �U�D�]�D�U�D�� �V�W�D�Q�L�þ�Q�X�� �V�W�U�X�N�W�X�U�X�� �P�X�O�M�D�� �W�H�� �P�X�O�M�� �X�� �Q�D�N�Q�D�G�Q�R�P�� �S�U�R�F�H�V�X�� �D�Q�D�H�U�R�E�Q�H�� �G�L�J�H�V�W�L�M�H��
�S�R�V�W�D�M�H�� �Y�L�ã�H�� �U�D�]�J�U�D�G�L�Y���� �ã�W�R�� �U�H�]�X�O�W�L�U�D�� �S�R�Y�H�ü�D�Q�R�P�� �S�U�R�L�]�Y�R�G�Q�M�R�P�� �E�L�R�S�O�L�Q�D�� �L smanjenjem 
�X�N�X�S�Q�H���P�D�V�H���V�X�K�H���W�Y�D�U�L�����R�G�Q�R�V�Q�R���V�P�D�Q�M�H�Q�M�H�P���X�N�X�S�Q�H���N�R�O�L�þ�L�Q�H���P�X�O�M�D�����*�X�U�L�H�I�I���L���V�X�U��������������������
�'�R�G�D�W�Q�D���S�U�H�G�Q�R�V�W���M�H���G�D���V�W�D�E�L�O�L�]�L�U�D�Q�L���P�X�O�M���L�P�D���E�R�O�M�D���V�Y�R�M�V�W�Y�D���G�H�K�L�G�U�D�F�L�M�H���S�U�L���þ�H�P�X���V�H���S�R�V�W�L�å�X��
�Y�H�ü�L���S�R�V�W�R�W�Q�L���X�G�M�H�O�L���V�X�K�H���W�Y�D�U�L���X���P�X�O�M�X��������-32 %ST), u odnosu �Q�D���N�R�Q�Y�H�Q�F�L�R�Q�D�O�Q�D���U�M�H�ã�H�Q�M�D��
(22-28 ���6�7�������8���R�G�Q�R�V�X���Q�D���V�P�D�Q�M�H�Q�H���N�R�O�L�þ�L�Q�H���V�W�D�E�L�O�L�]�L�U�D�Q�R�J���L���G�H�K�L�G�U�L�U�D�Q�R�J���P�X�O�M�D�����P�R�å�H���V�H��
�U�D�þ�X�Q�D�W�L�� �V�� �Q�L�å�L�P�� �W�U�R�ã�N�R�Y�L�P�D�� �Q�M�H�J�R�Y�H�� �G�D�O�M�Q�M�H�� �R�E�U�D�G�H�� ���N�R�P�S�R�V�W�L�U�D�Q�M�H���� �V�X�ã�H�Q�M�H�� �L�� �G�U������ �L��
�N�R�Q�D�þ�Q�R�J���]�E�U�L�Q�M�D�Y�D�Q�M�D�� 
Rezultati provedenih analiza, moti�Y�L�U�D�O�L�� �V�X�� �G�L�R�Q�L�N�H�� �G�D�� �Y�H�ü�L�� �E�U�R�M��UPOV-a grade ili 
�Q�D�G�R�J�U�D�ÿ�X�M�X���V��THP procesom. �1�H�N�L�� �P�H�ÿ�X���E�U�R�M�Q�L�P��UPOV-ima u Svijetu koji su do danas 
primijenili THP proces istaknuti su u Tablici 1. 
Prednosti primjene THP �S�U�R�F�H�V�D�� �G�R�O�D�]�H�� �G�R���L�]�U�D�å�D�M�D�� �Q�D��UPOV-�L�P�D�� �Y�H�ü�H�J�� �N�D�S�D�F�L�W�H�W�D�� ���Y�H�ü�L��
od 150.000ES). Tako na primjer, UPOV-i u Hrvatskoj koji mogu biti interesantni za 
primjenu THP �S�U�R�F�H�V�D�� �V�X�� �=�D�J�U�H�E���� �6�S�O�L�W���� �5�L�M�H�N�D�� �L�� �2�V�L�M�H�N���� �R�V�R�E�L�W�R�� �X�� �V�O�X�þ�D�M�X�� �G�D�� �S�U�H�X�]�P�X��
�X�O�R�J�X�� �U�H�J�L�R�Q�D�O�Q�L�K�� �F�H�Q�W�D�U�D�� �]�D�� �R�E�U�D�G�X�� �L�� �]�E�U�L�Q�M�D�Y�D�Q�M�H�� �P�X�O�M�D���� �=�Q�D�þ�D�M�Q�R�� �M�H�� �Q�D�S�R�P�H�Q�X�W�L��da 
primjena THP �S�U�R�F�H�V�D�� �Q�L�M�H�� �R�J�U�D�Q�L�þ�H�Q�D�� �þ�L�Q�M�H�Q�L�F�R�P�� �M�H�� �O�L��UPOV �Y�H�ü�� �L�]�J�U�D�ÿ�H�Q�� �L�O�L�� �Q�L�M�H����
odnosno THP �S�U�R�F�H�V�� �V�H�� �P�R�å�H�� �S�U�L�P�L�M�H�Q�L�W�L�� �L�� �Q�D�� �Y�H�ü�� �L�]�J�U�D�ÿ�H�Q�L�P��UPOV-ima. Prema tome, 
THP �S�U�R�F�H�V���V�H���Q�D���O�L�Q�L�M�L���P�X�O�M�D���P�R�å�H���S�U�L�P�L�M�H�Q�L�W���Q�D���G�Y�D���Q�D�þ�L�Q�D�� 
�x na glavnoj liniji ispred �D�Q�D�H�U�R�E�Q�H�� �G�L�J�H�V�W�L�M�H�� ���S�U�H�G�Q�R�V�W���N�R�G�� �Q�R�Y�R�� �S�U�R�M�H�N�W�L�U�D�Q�L�K�� �X�U�H�ÿ�D�M�D��

�L�O�L���S�R�V�W�R�M�H�ü�L�K���X�U�H�ÿ�D�M�D���N�R�M�L�P�D���V�H���å�H�O�L���S�R�Y�H�ü�D�W�L���N�D�S�D�F�L�W�H�W���O�L�Q�L�M�H���R�E�U�D�G�H���P�X�O�M�D���� 
�x naknadno na liniji mulja iza anaerobne digestije, s povratnim tokom izdvojenog 

centrata (u postupku naknadne dehidra�F�L�M�H�����]�D�J�U�L�M�D�Q�R�J���Q�D���Y�L�ã�R�M���W�H�P�S�H�U�D�W�X�U�L�����S�U�H�G�Q�R�V�W��
�N�R�G�� �S�R�V�W�R�M�H�ü�L�K�� �X�U�H�ÿ�D�M�D���� �X�� �V�N�O�R�S�X�� �Q�M�L�K�R�Y�H�� �Q�D�G�R�J�U�D�G�Q�M�H�� �L�� �X�Q�D�S�U�M�H�ÿ�H�Q�M�D�� �O�L�Q�L�M�H�� �R�E�U�D�G�H��
mulja). 
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Tablica 1. Lokacija UPOV-a s uvedenim THP procesom (GF, 2018) 
Table 1. WWTPs with integrated THP process (GF, 2018) 
 

Lokacija  Kapacitet [tST/d] Lokacija  Kapacitet [tST/d] 
Washington, SAD 445 Edinburgh, UK 120 
Peking - Gaoantin, Kina 445 Tilburg, Nizozemska 110 
Peking - Gaobedian, Kina 390 Vilnius, Litva 100 
Manchester, UK 365 Bruxelles-Sjever, Belgija 100 
Peking - Huaifang, Kina 340 Aberdeen, UK 80 
Dublin, Irska 245 �$�W�K�H�Q�V�����*�U�þ�N�D 80 
Newcastle, UK 170 �2�V�O�R�����1�R�U�Y�H�ã�N�D 42 
London - Riverside, UK 170 Ljubljana, Slovenija 40 
Tees Valley, UK 155 Ginestous, Francuska 35 
London �± Crossness, UK 130 Monza, Italija 28 
Cardiff, UK 130 �/�L�O�O�H�K�D�P�P�H�U�����1�R�U�Y�H�ã�N�D 27 
�6�D�Q�W�L�D�J�R�����ý�L�O�H 125 Billund, Danska 15 

 
 
�8���R�Y�R�P���U�D�G�X���M�H���S�U�L�N�D�]�D�Q�D���P�R�J�X�ü�Q�R�V�W���L���R�S�U�D�Y�G�D�Q�R�V�W���X�Y�R�ÿ�H�Q�M�D��THP procesa obrade mulja i 
ispred i nakon anaerobnih digestora na UPOV-ima. Uz opis samog THP procesa, u radu je 
�R�E�M�D�ã�Q�M�H�Q�D�� �P�H�W�R�G�R�O�R�J�L�M�D�� �X�Y�R�ÿ�H�Q�M�D��THP procesa na UPOV-ima. Naknadno je na 
konkretnom primjeru UPOV-�D�� �2�V�L�M�H�N�� �S�U�R�Y�H�G�H�Q�D�� �W�H�K�Q�L�þ�N�D�� �L�� �H�N�R�Q�R�P�V�N�D�� �D�Q�D�O�L�]�D�� �X�Y�R�ÿ�H�Q�M�D��
THP procesa na liniji obrade mulja. 
Autori ovog rada ne favoriziraju primjenu THP procesa na UPOV-�L�P�D�����Y�H�ü���L�V�N�O�M�X�þ�L�Y�R���N�U�R�]��
�R�Y�D�M�� �U�D�G�� �L�V�W�L�þ�X�� �P�R�J�X�ü�Q�R�V�W�L�� �S�U�L�P�M�H�Q�H��THP procesa kao jedne od faza nadogradnje linije 
�R�E�U�D�G�H���P�X�O�M�D���Q�D���Q�R�Y�R�L�]�J�U�D�ÿ�H�Q�L�P��UPOV-�L�P�D���Y�H�ü�H�J���N�D�S�D�F�L�W�H�W�D�� 
 
Materijali i metode 
 
�2�V�Q�R�Y�Q�L�� �F�L�O�M�� �X�Y�R�ÿ�H�Q�M�D��THP procesa je smanjenje uk�X�S�Q�L�K�� �N�R�O�L�þ�L�Q�D�� �P�X�O�M�D���� �S�R�Y�H�ü�D�Q�M�H��
�V�W�X�S�Q�M�D�� �H�Q�H�U�J�H�W�V�N�R�J�� �L�V�N�R�U�L�ã�W�D�Y�D�Q�M�D�� �P�X�O�M�D�� �L�� �G�R�E�L�Y�D�Q�M�H�� �P�X�O�M�D�� �S�R�Y�R�O�M�Q�L�M�L�K�� �N�D�U�D�N�W�H�U�L�V�W�L�N�D�� �]�D��
�Q�M�H�J�R�Y�R���G�D�O�M�Q�M�H���]�E�U�L�Q�M�D�Y�D�Q�M�H�����R�E�U�D�G�X���L���N�R�Q�D�þ�Q�R���R�G�O�D�J�D�Q�M�H�����R�G�Q�R�V�Q�R���N�R�U�L�ã�W�H�Q�M�H���� 
Na S�O�L�F�L�� ���� �M�H�� �S�U�L�N�D�]�D�Q�D�� �W�H�K�Q�R�O�R�ã�N�D�� �V�K�H�P�D�� �S�U�H�G�O�R�å�H�Q�H�� �Q�D�G�Rgradnje linije obrade mulja na 
�Q�R�Y�R�L�]�J�U�D�ÿ�H�Q�L�P��UPOV-ima s THP procesom ispred anaerobne digestije. 
Anaerobna digestija uz prethodnu primjenu THP-a podnosi "nerazvodnjeni" mulj s 
�S�R�Y�H�ü�D�Q�R�P�� �N�R�Q�F�H�Q�W�U�D�F�L�M�R�P�� �V�X�K�H�� �W�Y�D�U�L�� �X�� �L�]�Q�R�V�X�� ��-12 %ST za razliku od konvencionalne 
linije obrade mulja (bez THP-a) kod koje su relevantne koncentracije mulja koji ulazi u 
anaerobne digestore unutar raspona 4-6 %ST. 
U proces ulazi mulj koji je prethodno dehidriran na oko 16-18 %ST. Prva faza je 
homogenizacija mulja uz dodatak pare. Mulj se u spremniku za homogenizaciju 
�S�U�H�G�]�D�J�U�L�M�D�Y�D���L���S�U�H�W�Y�D�U�D���X���N�D�ã�X�����=�D�W�L�P���V�H���W�U�D�Q�V�S�R�U�W�L�U�D���X���U�H�D�N�W�R�U���]�D���W�H�U�P�D�O�Q�X���K�L�G�U�R�O�L�]�X�����N�R�M�L��
�U�D�G�L�� �G�L�V�N�R�Q�W�L�Q�X�L�U�D�Q�R�� ���ã�D�U�å�Q�R������ �8�� �U�H�D�N�W�R�U�X�� �]�D�� �K�L�G�U�R�O�L�]�X�� �S�U�H�W�K�R�G�Q�R�� �]�J�X�V�Q�X�W�L�� �P�X�O�M�� �V�H�� �G�R�]�L�U�D����
zagrijava direktnim injektiranjem pare na 150-165 �ƒ�&�� �L�� �W�O�D�þ�L�� �V�� ��-6 bara. U tim uvjetima 
�R�U�J�D�Q�V�N�D���W�Y�D�U���K�L�G�U�R�O�L�]�R�P���S�U�H�O�D�]�L���X���R�W�R�S�O�M�H�Q�H�����O�D�N�R���U�D�]�J�U�D�G�L�Y�H���V�S�R�M�H�Y�H�����1�D�N�R�Q���]�D�G�U�å�D�Y�D�Q�M�D��
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mulja u reaktoru, u vremenu 30-������ �P�L�Q�X�W�D���� �W�O�D�N�� �V�H�� �Q�D�J�O�R�� �V�P�D�Q�M�X�M�H�� �W�H�� �V�H�� �X�]�� �S�R�P�R�ü�� �S�D�U�H��
�P�X�O�M�� �W�O�D�þ�L�� �X�� �V�S�U�H�P�Q�L�N�� �]�D�� �L�]�G�Y�D�Manje. Nagli pad tlaka izaziva "plinsku eksploziju" koja 
dezintegrira stanice i vlakna u mulju. Para koja se generira u trenutku plinske eksplozije, 
�U�H�F�L�U�N�X�O�L�U�D�� �V�H�� �X�� �V�S�U�H�P�Q�L�N�� �]�D�� �K�R�P�R�J�H�Q�L�]�D�F�L�M�X�� �]�D�� �S�U�H�G�J�U�L�M�D�Y�D�Q�M�H�� �P�X�O�M�D���� �V�P�D�Q�M�X�M�X�ü�L��tako 
potrebu za dodatnom parom. 
Mulj koji izlazi iz THP �S�U�R�F�H�V�D�� �M�H�� �V�W�H�U�L�O�Q�D�� �W�H�N�X�ü�L�Q�D�� ��S�O�L�N�D�� �������� �]�Q�D�W�Q�R�� �S�R�E�R�O�M�ã�D�Q�L�K��
karakteristika za naknadnu anaerobnu digestiju i naknadnu dehidraciju mulja. Iako je rad 
THP �U�H�D�N�W�R�U�D�� �ã�D�U�å�Q�L���� �F�L�M�H�O�L�� �S�U�R�F�H�V�� �V�H�� �R�G�Y�L�M�D�� �N�R�Q�W�L�Q�X�L�U�D�Q�R�� �]�E�R�J�� �H�J�D�O�L�]�D�F�L�M�V�N�R�J�� �G�Melovanja 
spremnika za homogenizaciju i spremnika za izdvajanje. 
Nakon THP-�D�����P�X�O�M���V�H���K�O�D�G�L���Q�D���L�]�P�M�H�Q�M�L�Y�D�þ�L�P�D���W�R�S�O�L�Q�H���L���G�R�G�D�W�Q�R���V�H���U�D�]�U�M�H�ÿ�X�M�H���S�U�L�M�H���X�O�D�V�N�D��
u anaerobnu digestiju do koncentracije od 8-12 �������Q�D�M�þ�H�ã�ü�H�� ����-12 ���6�7������ �2�J�U�D�Q�L�þ�D�Y�D�M�X�ü�L��
parametar je kon�F�H�Q�W�U�D�F�L�M�D���D�P�R�Q�L�M�D�N�D���R�þ�H�N�L�Y�D�Q�D���X���S�U�R�F�H�V�X���G�L�J�H�V�W�L�M�H�����.�D�R���ã�W�R���M�H���X���X�Y�R�G�Q�R�P��
�G�L�M�H�O�X���U�D�G�D�� �L�V�W�D�N�Q�X�W�R���� �X�]�� �S�U�L�V�X�V�W�Y�R�� �R�G�U�H�ÿ�H�Q�L�K�� �Y�U�V�W�D�� �E�D�N�W�H�U�L�M�D���� �N�R�M�H�� �V�H�� �U�D�]�Y�L�M�D�M�X�� �X�� �S�R�V�W�X�S�N�X��
anaerobne digestije, amonijak u koncentracijama do 300�����P�J���O���Q�H���G�M�H�O�X�M�H���L�Q�K�L�E�L�U�D�M�X�ü�H�� 
 
 

 
 

Slika 2. �7�H�K�Q�R�O�R�ã�N�D���V�K�H�P�D���O�L�Q�L�M�H���Y�R�G�H���L���O�L�Q�L�M�H���P�X�O�M�D���V��THP procesom ispred anaerobne digestije 
(https://stanceglobal.com/stanceenviro/cambi-thermal-hydrolysis-3/12) 

Figure 2. Technology scheme for water and sludge lines with integrated THP proces upstream of 
the anaerobic digestion (https://stanceglobal.com/stanceenviro/cambi-thermal-hydrolysis-3/12) 
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Slika 3. �7�H�K�Q�R�O�R�ã�N�D���V�K�H�P�D���O�L�Q�L�M�H���Y�R�G�H���L���O�L�Q�L�M�H���P�X�O�M�D���V��THP procesom iza anaerobne digestije 
(https://stanceglobal.com/stanceenviro/cambi-thermal-hydrolysis-3/12) 

Figure 3. Technology scheme for water and sludge lines with integrated THP proces downstream of 
the anaerobic digestion (https://stanceglobal.com/stanceenviro/cambi-thermal-hydrolysis-3/12) 

 
Na S�O�L�F�L�� ���� �M�H�� �S�U�L�N�D�]�D�Q�D�� �W�H�K�Q�R�O�R�ã�N�D�� �V�K�H�P�D�� �S�U�H�G�O�R�å�H�Q�H�� �Q�D�G�R�J�U�D�G�Q�M�H�� �S�R�V�W�R�M�H�ü�L�K��UPOV-a s 
procesom termalne hidrolize iza anaerobne digestije. 
�,�]�� �S�R�V�W�R�M�H�ü�L�K�� �D�Q�D�H�U�R�E�Q�L�K�� �G�L�J�H�V�W�R�U�D���� �P�X�O�M�� �V�H�� �P�H�K�D�Q�L�þ�N�L�� �G�H�K�L�G�U�L�U�D�� ���P�R�J�X�ü�H�� �L�� �Q�D�� �S�R�V�W�R�M�H�ü�L�P��
�X�U�H�ÿ�D�M�L�P�D���]�D���G�H�K�L�G�U�D�F�L�M�X���± �F�H�Q�W�U�L�I�X�J�D�P�D���L�O�L���W�U�D�N�D�V�W�L�P���I�L�O�W�H�U���S�U�H�V�D�P�D�����L���W�O�D�þ�L���X��THP proces. 
THP procesna jedinica se sastoji od istih elemenata kao i u prethodno opisan�R�P�� �V�O�X�þ�D�M�X��
kod THP-a ispred anaerobne digestije (spremnik za homogenizaciju, reaktor, spremnik za 
izdvajanje), uz odvijanje istog niza procesa. 
Mulj koji izlazi iz THP �S�U�R�F�H�V�D���M�H���K�L�J�L�M�H�Q�L�]�L�U�D�Q�D���W�H�N�X�ü�L�Q�D���� �]�Q�D�W�Q�R���S�R�E�R�O�M�ã�D�Q�L�K�� �N�D�U�D�N�W�H�U�L�V�W�L�N�D���]�D��
dodatnu dehidra�F�L�M�X���P�X�O�M�D�����9�U�H�O�L���F�H�Q�W�U�D�W���L�]���X�U�H�ÿ�D�M�D���]�D���Q�D�N�Q�D�G�Q�X���G�H�K�L�G�U�D�F�L�M�X�����F�H�Q�W�U�L�I�X�J�H�����L���W�U�D�N�H���]�D��
�K�O�D�ÿ�H�Q�M�H���� �S�X�Q�� �O�D�N�R�� �U�D�]�J�U�D�G�L�Y�L�K�� �R�U�J�D�Q�V�N�L�K�� �V�S�R�M�H�Y�D���� �Y�U�D�ü�D�� �V�H�� �S�R�Y�U�D�W�Q�L�P�� �W�R�N�R�P�� �X�� �D�Q�D�H�U�R�E�Q�H��
�G�L�J�H�V�W�R�U�H�� �W�H�� �S�U�L�G�R�Q�R�V�L�� �J�U�L�M�D�Q�M�X�� �V�D�G�U�å�D�M�D�� �D�Q�D�H�U�R�E�Q�L�K�� �G�L�J�H�V�W�R�U�D���� �X�þ�L�Q�N�R�Y�L�W�L�M�R�M�� �U�D�]�J�U�D�Gnji organske 
�W�Y�D�U�L�����S�R�Y�H�ü�D�Q�R�M���S�U�R�L�]�Y�R�G�Q�M�L���E�L�R�S�O�L�Q�D�����V�P�D�Q�M�H�Q�M�X���P�D�V�H���V�X�K�H���W�Y�D�U�L���X���P�X�O�M�X���L���G�U�� 
Dehidrirani mulj je kod oba THP procesa, ispred i iza anaerobne digestije, higijeniziran 
���E�H�]���S�D�W�R�J�H�Q�L�K���P�L�N�U�R�R�U�J�D�Q�L�]�D�P�D�����W�H���V�H���P�R�å�H���X�þ�L�Q�N�R�Y�L�W�L�M�H���L���Q�D���S�R�Y�R�O�M�Q�L�M�L���Q�D�þin zbrinjavati 
(Higgins i sur., 2011). 
 
Tablica 2. �8�V�S�R�U�H�G�E�D���W�H�K�Q�R�O�R�ã�N�L�K���S�D�U�D�P�H�W�D�U�D���]�D���O�L�Q�L�M�X���R�E�U�D�G�H���P�X�O�M�D���X�]���S�U�L�P�M�H�Q�X��THP procesa i kod 

konvencionalne linije obrade mulja 
Table 2. Comparison of technological parameters for sludge treatment line with the application of 

THP process and with conventional sludge treatment line 
 

Parametar THP proces Konvencionalno 
pH 7,4 8,4 6,5 7,6 
Isparne masne kiseline (VFA) (mg/l) 2000 6000 200 500 
VFA / alkalitet  0,3  0,2 
Amonijak (mg/l)  3000  800 
Koncentracija mulja u anaerobne digestore (%ST) 8 12 4 6 
Temperatura u digestorima (�|C) 36 42 32 38 
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U radu je razmatrana implementacija THP procesa na UPOV-u Osijek, koji je planiran s 
�W�U�H�ü�L�P�� �V�W�X�S�Q�M�H�P�� �S�U�R�þ�L�ã�ü�D�Y�D�Q�M�D���� �V�� �P�D�N�V�L�P�D�O�Q�L�P�� �N�D�S�D�F�L�W�H�W�R�P�� ����������������ES. Osnovna linija 
vode i linija mulja na UPOV-u Osijek odgovaraju prikazu na S�O�L�F�L�� ������ �7�H�K�Q�R�O�R�ã�N�L�� �S�U�R�F�H�V��
�S�U�R�þ�L�ã�ü�D�Y�D�Q�M�D�� �V�� �W�U�H�ü�L�P�� �V�W�X�S�Q�M�H�P�� �W�H�P�H�O�M�L�� �V�H�� �Q�D�� �E�L�R�O�R�ã�N�L�P�� �S�U�R�F�H�V�L�P�D�� �X�N�O�D�Q�M�D�Q�M�D�� �G�X�ã�L�N�D��
(nitrifikacija-�G�H�Q�L�W�U�L�I�L�N�D�F�L�M�D���� �L�� �N�R�P�E�L�Q�L�U�D�Q�R�P�� �E�L�R�O�R�ã�N�R�P�� �L�� �N�H�P�L�M�V�N�R�P��uklanjanju fosfora. 
�,�V�W�R�Y�U�H�P�H�Q�R�� �V�� �R�G�Y�L�M�D�Q�M�H�P�� �S�R�W�S�X�Q�H�� �Q�L�W�U�L�I�L�N�D�F�L�M�H�� �X�� �E�L�R�O�R�ã�N�L�P�� �U�H�D�N�W�R�U�L�P�D�� �R�G�Y�L�M�D�W�� �ü�H�� �V�H�� �L��
�X�N�O�D�Q�M�D�Q�M�H���R�U�J�D�Q�V�N�H���W�Y�D�U�L�����0�X�O�M���ü�H���V�H���J�H�Q�H�U�L�U�D�W�L���X���S�U�H�W�K�R�G�Q�L�P�����S�U�L�P�D�U�Q�L���P�X�O�M�����L���Q�D�N�Q�D�G�Q�L�P��
�W�D�O�R�å�Q�L�F�L�P�D�� ���E�L�R�O�R�ã�N�L�� �P�X�O�M���� �W�H�� �]�D�M�H�G�Q�L�þ�N�L�� �R�G�Y�R�G�L�W�L�� �Q�D�� �G�D�O�M�Q�Mu obradu na samom UPOV-u. 
�.�R�Q�Y�H�Q�F�L�R�Q�D�O�Q�D���O�L�Q�L�M�D���R�E�U�D�G�H�� �P�X�O�M�D�� �Q�D�� �8�3�2�9�� �2�V�L�M�H�N���S�R�G�U�D�]�X�P�L�M�H�Y�D�� �]�J�X�ã�Q�M�D�Y�D�Q�M�H�� �P�X�O�M�D����
anaerobnu digestiju mulja i dehidraciju mulja kao posljednju fazu. 
�8�� �V�N�O�R�S�X�� �R�Y�R�J�� �L�V�W�U�D�å�L�Y�D�Q�M�D�� �U�D�]�P�D�W�U�D�Q�D�� �V�X�� �W�U�L�� �R�V�Q�R�Y�Q�D�� �V�F�H�Q�D�U�L�M�D���Y�D�U�L�M�D�Q�W�H���± Varijanta 1: 
konvencionalna varijanta (bez THP-a) i dodatne dvije varijante s primjenom THP procesa 
na UPOV-u Osijek (Varijanta 2: THP ispred digestora i Varijanta 3: THP nakon digestora). 
�9�D�U�L�M�D�Q�W�D�� ���� �S�R�G�U�D�]�X�P�L�M�H�Y�D�� �R�E�U�D�G�X�� �F�M�H�O�R�N�X�S�Q�R�J�� �S�U�L�P�D�U�Q�R�J�� �L�� �E�L�R�O�R�ã�N�R�J�� �P�X�O�M�D�� �N�R�M�L�� �V�H��
generira na UPOV Osijek konvencionalnim postupkom. Varijanta 2 podrazumijeva 
�X�Y�R�ÿ�H�Q�M�H��THP-a na UPOV �2�V�L�M�H�N�� �Q�D�N�R�Q�� �]�J�X�ã�Q�M�D�Y�D�Q�M�D�� �W�H�� �Q�D�V�W�D�Y�Q�R�� �D�Q�D�H�U�R�E�Q�X�� �G�L�J�H�V�W�L�M�X��
cjelokupn�R�J�� �P�X�O�M�D�� �N�R�M�L�� �M�H�� �S�U�H�W�K�R�G�Q�R�� �L�]�D�ã�D�R�� �L�]��THP procesa. Varijanta 3 podrazumijeva 
�X�Y�R�ÿ�H�Q�M�H��THP-a na UPOV Osijek nakon anaerobne digestije. 
Razmatrana je i dodatna vatijanta kod koje UPOV Osijek preuzima ulogu regionalnog 
�F�H�Q�W�U�D���]�D���R�E�U�D�G�X���L���]�E�U�L�Q�M�D�Y�D�Q�M�H���P�X�O�M�D���W�D�N�R�ÿ�H�U���X�]���S�U�L�P�M�H�Q�X��THP-a (Varijanta 4). 
�=�D�� �V�Y�D�N�X�� �Y�D�U�L�M�D�Q�W�X�� �G�H�I�L�Q�L�U�D�Q�L�� �V�X�� �L�� �L�]�U�D�þ�X�Q�D�W�L�� �N�O�M�X�þ�Q�L�� �W�H�K�Q�L�þ�N�L�� �S�D�U�D�P�H�W�U�L�� ���Y�U�L�M�H�P�H��
�]�D�G�U�å�D�Y�D�Q�M�D�� �P�X�O�M�D�� �X�� �G�L�J�H�V�W�R�U�L�P�D���� �Y�R�O�X�P�H�� �G�L�J�H�V�W�R�U�D����VSS koji se razgrdi u digestoru, 
�X�N�X�S�Q�D�P�D�V�D�� �G�H�K�L�G�U�L�U�D�Q�R�J�� �P�X�O�M�D���� �S�U�R�L�]�Y�R�G�Q�M�D�� �E�L�R�S�O�L�Q�D���� �X�G�L�R�� �S�O�L�Q�D�� �N�R�M�L�� �V�H�� �ã�D�O�M�H�� �X��
�N�R�J�H�Q�H�U�D�F�L�M�X���� �Y�U�L�M�H�G�Q�R�V�W�� �H�O�H�N�W�U�L�þ�Q�H�� �H�Q�H�U�J�L�M�H�� �L�� �G�U������ �Q�D�� �W�H�P�H�O�M�X�� �N�R�M�L�K�� �ü�H�� �V�H�� �Y�U�ã�L�W�L�� �Q�M�L�K�R�Y�D��
usporedba. 
Za sve razmatrane varijante obrade i zbrinjavanja mulja s UPOV-a Osijek, provedene su 
�R�G�J�R�Y�D�U�D�M�X�ü�H���H�N�R�Q�R�P�V�N�H���D�Q�D�O�L�]�H�����&�L�O�M���D�Q�D�O�L�]�H���H�N�R�Q�R�P�V�N�H���L�V�S�O�D�W�L�Y�R�V�W�L���M�H���S�U�L�N�D�]�D�W�L���U�D�]�O�L�N�X���X��
�W�U�R�ã�N�R�Y�L�P�D�� �L�� �G�R�E�L�W�L���� �L�]�P�H�ÿ�X�� �S�R�M�H�G�L�Q�L�K�� �Y�D�U�L�M�D�Q�W�L���� �3�R�W�U�H�E�Q�R�� �M�H�� �L�V�W�D�N�Q�X�W�L�� �G�D�� �M�H�� �R�E�]�L�U�R�P�� �Q�D��
�N�D�U�D�N�W�H�U�� �R�Y�R�J�� �U�D�G�D�� �P�R�J�X�ü�D�� �W�H�N�� �D�S�U�R�N�V�L�P�D�W�L�Y�Q�D�� �S�U�R�F�M�H�Q�D�� �W�U�R�ã�N�R�Y�D���� �-�H�G�L�Q�L�þ�Q�H�� �F�L�M�H�Q�H��
�S�R�M�H�G�L�Q�L�K�� �V�W�D�Y�N�L�� �N�R�G�� �L�]�J�U�D�G�Q�M�H�� �S�R�M�H�G�L�Q�L�K�� �W�H�K�Q�R�O�R�ã�N�L�K�� �S�U�R�F�H�V�D�� �R�E�U�D�G�H�� �P�X�O�M�D���� �D�O�L�� �L�� �Q�D�þ�L�Q�D��
�N�R�Q�D�þ�Q�R�J���]�E�U�L�Q�M�D�Y�D�Q�M�D���P�X�O�M�D���P�R�J�X���]�Q�D�þ�D�M�Q�R���R�G�V�W�X�S�D�W�L�����þ�D�N���L���X�Q�X�W�D�U���L�V�W�L�K���O�R�N�D�O�L�W�H�W�D�����5�H�D�O�Q�L��
�S�U�L�N�D�]���W�U�R�ã�N�R�Y�D���L�]�J�U�D�G�Q�M�H���P�R�å�H���V�H���G�R�E�Lti tek u sklopu vrednovanja ponuda na objavljenom 
�M�D�Y�Q�R�P���Q�D�W�M�H�þ�D�M�X�� 
�3�U�H�P�D�� �R�S�ü�L�P�� �Q�D�þ�H�O�L�P�D�� �S�U�R�F�M�H�Q�H�� �X�N�X�S�Q�L�K�� �W�U�R�ã�N�R�Y�D�� �S�R�V�O�R�Y�D�Q�M�D���� �]�D�V�H�E�Q�R�� �V�X�� �D�Q�D�O�L�]�L�U�D�Q�L��
�W�U�R�ã�N�R�Y�L�� �L�]�J�U�D�G�Q�M�H�� �W�H�� �W�U�R�ã�N�R�Y�L�� �S�R�J�R�Q�D���� �R�G�U�å�D�Y�D�Q�M�D���� �D�P�R�U�W�L�]�D�F�L�M�H���� �N�R�Q�D�þ�Q�R�J�� �]�E�U�L�Q�M�D�Y�D�Q�M�D��
�P�X�O�M�D�� �L�� �G�U������ �N�U�R�]�� �þitavo projektno razdoblje koje je za potrebe ovog rada definirano u 
vremenu od 30 godina. 
�8���G�D�Q�L�P���D�Q�D�O�L�]�D�P�D���N�R�U�L�ã�W�H�Q�L���V�X���R�V�Q�R�Y�Q�L���M�H�G�L�Q�L�þ�Q�L���H�N�R�Q�R�P�V�N�L���S�D�U�D�P�H�W�U�L���W�H���V�X���V���F�L�O�M�H�P���E�R�O�M�H��
preglednosti iskazani u Tablici 3. 
Kapitalna investicija za sve stavke (izuz�H�Y���N�R�J�H�Q�H�U�D�F�L�M�V�N�R�J���S�R�V�W�U�R�M�H�Q�M�D�����X�N�O�M�X�þ�X�M�H���W�U�R�ã�N�R�Y�H���N�R�M�L��
su razmatrani prvenstveno kao razlika u odnosu na konvencionalnu liniju obrade mulja bez THP-
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�D�����S�R�Y�H�ü�D�Q�M�H���N�D�S�D�F�L�W�H�W�D���H�O�H�N�W�U�R�V�W�U�R�M�D�U�V�N�D���R�S�U�H�P�D���Y�H�]�D�Q�D���]�D��THP �S�U�R�F�H�V�����J�U�D�ÿ�H�Y�L�Q�V�N�L���G�L�R���]�D��THP; 
prethodna de�K�L�G�U�D�F�L�M�D�� �P�X�O�M�D���� �Q�D�N�Q�D�G�Q�D���G�H�K�L�G�U�D�F�L�M�D�� �P�X�O�M�D���� �E�R�M�O�H�U���� �X�ã�W�H�G�D���X�� �L�Q�Y�H�V�W�L�F�L�M�L�� �W�H�U�P�D�O�Q�R�J��
�V�X�ã�H�Q�M�D���� �X�ã�W�H�G�D�� �X�� �Y�R�O�X�P�H�Q�L�P�D�� �G�L�J�H�V�W�R�U�D���� �.�D�S�L�W�D�O�Q�D�� �L�Q�Y�H�V�W�L�F�L�M�D�� �]�D�� �N�R�J�H�Q�H�U�D�F�L�M�V�N�R�� �S�R�V�W�U�R�M�H�Q�M�H��
�U�D�þ�X�Q�D�W�D���M�H���L���L�V�N�D�]�D�Q�D���X���S�X�Q�R�P���L�]�Q�R�V�X���]�D���V�Y�H���V�F�H�Q�D�U�L�M�H�� 
 
Tablica 3. �-�H�G�L�Q�L�þ�Q�L���H�Nonomski parametri primijenjeni u ekonomskim analizama varijantnih �U�M�H�ã�H�Q�M�D 
Table 3. Unit values of economic parameters applied in economic analyzes of different scenarios 
 

Parametar Vrijednost  Jedinica 
Vrijednost eura 7,4 �N�Q���¼ 
Udio suhe tvari u dehidriranom mulju 22 % 
Udio suhe tvari u dehidriranom mulju nakon THP procesa 
koji je ispred anaerobne digestije 

30 % 

Udio suhe tvari u dehidriranom mulju nakon THP procesa 
koji je nakon anaerobne digestije 

40 % 

Udio suhe tvari u dehidriranom mulju koji se doprema s 
ostalih UPOV-a u regiji 

16 % 

Diskontna stopa 4 % 
Projektno razdoblje 30 godina 
Amortizacija elektrostrojarske opreme 4,5 % 
�$�P�R�U�W�L�]�D�F�L�M�D���J�U�D�ÿ�H�Y�L�Q�V�N�R�J���G�L�M�H�O�D 1,5 % 
�2�G�U�å�D�Y�D�Q�M�H 2,5 % 
�-�H�G�L�Q�L�þ�Q�L���W�U�R�ã�D�N���R�G�O�D�J�D�Q�M�D���P�X�O�M�D�� 513 kn/t 
�-�H�G�L�Q�L�þ�Q�L���X�W�U�R�ã�D�N���H�Q�H�U�J�L�M�H���Q�D���L�V�S�D�U�D�Y�D�Q�M�H���Y�R�G�H���X���P�X�O�M�X 950 kWh/tH20 
�-�H�G�L�Q�L�þ�Q�L���X�W�U�R�ã�D�N���S�O�L�Q�D���Q�D���L�V�S�D�U�D�Y�D�Q�M�H���Y�R�G�H���X���P�X�O�M�X 1118 kWh/tH20 
�-�H�G�L�Q�L�þ�Q�D���S�R�W�U�R�ã�Q�M�D���H�O�H�N�W�U�L�þ�Q�H���H�Q�H�U�J�L�M�H 48,6 kWh/t 
1Nm3 zemnog plina 10,28 kWh 
�.�R�H�I�L�F�L�M�H�Q�W���X�þ�L�Q�N�R�Y�L�W�R�V�W�L���S�U�H�W�Y�R�U�E�H���S�O�L�Q�D���X���S�D�U�X���E�R�M�O�H�U�R�P 0,85 % 

 
�2�S�H�U�D�W�L�Y�Q�L�� �W�U�R�ã�N�R�Y�L�� ���S�R�J�R�Q���� �R�G�U�å�D�Y�D�Q�M�H���� �D�P�R�U�W�L�]�D�F�L�M�D���� �X�N�O�M�X�þ�X�M�X�� �V�Y�H�� �U�H�O�H�Y�D�Q�W�Q�H�� �V�W�D�Y�N�H����
�N�R�M�H���V�X���D�Q�D�O�L�]�L�U�D�Q�H���N�D�R���S�X�Q�L���W�U�R�ã�D�N�����D���Q�H���N�D�R���U�D�]�O�L�N�D���L�]�P�H�ÿ�X���S�R�M�H�G�L�Q�L�K���V�F�H�Q�D�U�L�M�D�������H�O�H�N�W�U�L�þ�Q�D��
energija iz kogeneracijskog postrojenja (CHP); polimeri; dobit od preuzimanja mulja iz 
�U�H�J�L�M�H���� �W�U�R�ã�D�N�� �G�D�O�M�Q�M�H�J�� �]�E�U�L�Q�M�D�Y�D�Q�M�D�� �P�X�O�M�D���� �H�O�H�N�W�U�L�þ�Q�D�� �H�Q�H�U�J�L�M�D�� �]�D�� �G�L�J�H�V�W�R�U�H���� �H�O�H�N�W�U�L�þ�Q�D��
energija za THP �L�� �G�H�K�L�G�U�D�F�L�M�X���P�X�O�M�D���� �H�O�H�N�W�U�L�þ�Q�D�� �H�Q�H�U�J�L�M�D�� �]�D���V�X�ã�H�Q�M�H�� �P�X�O�M�D���� �S�O�L�Q���]�D�� �V�X�ã�H�Q�M�H��
mulja; pitka voda (para); bojler (kemikalije); dodatna aeracija NH4 u bioreaktorima; 
�R�G�U�å�D�Y�D�Q�M�H�����D�P�R�U�W�L�]�D�F�L�M�D���± elektrostrojarski dio; amortizacija �± �J�U�D�ÿ�H�Y�L�Q�V�N�L���G�L�R�� 
�(�N�R�Q�R�P�V�N�D�� �D�Q�D�O�L�]�D�� �V�Y�L�K�� �Y�D�U�L�M�D�Q�W�L�� �X�� �N�R�Q�D�þ�Q�L�F�L�� �M�H�� �S�U�R�Y�H�G�H�Q�D�� �V�� �X�U�D�þ�X�Q�D�W�L�P�� �W�U�R�ã�N�R�P 
�N�R�Q�D�þ�Q�R�J���]�E�U�L�Q�M�D�Y�D�Q�M�D���P�X�O�M�D���X�]���L�]�U�D�þ�X�Q���Q�H�W�R���V�D�G�D�ã�Q�M�H���Y�U�L�M�H�G�Q�R�V�W�L����NSV�����X�N�X�S�Q�L�K���W�U�R�ã�N�R�Y�D��
(izgradnja, pogon, odrzavanje, amortizacija, zbrinajvanje mulja). Pritom je analiza 
�R�S�H�U�D�W�L�Y�Q�L�K�� �W�U�R�ã�N�R�Y�D�� �S�U�R�Y�H�G�H�Q�D�� �]�D�� �Y�L�ã�H�� �U�D�]�O�L�þ�L�W�L�K�� �V�F�H�Q�D�U�L�M�D�� �N�R�M�L�P�D�� �M�H�� �L�V�S�L�W�D�Q�D��osjetljivosti 
�X�N�X�S�Q�L�K�� �W�U�R�ã�N�R�Y�D�� �R�� �S�U�R�P�M�H�Q�M�L�Y�R�V�W�L�� �S�R�M�H�G�L�Q�L�K�� �X�O�D�]�Q�L�K�� �Y�H�O�L�þ�L�Q�D�� �N�D�R�� �ã�W�R�� �V�X�� �M�H�G�L�Q�L�þ�Q�L�� �W�U�R�ã�D�N��
�N�R�Q�D�þ�Q�R�J���]�E�U�L�Q�M�D�Y�D�Q�M�D���P�X�O�M�D�����X���N�R�Q�N�U�H�W�Q�R�P���V�O�X�þ�D�M�X���D�Q�D�O�L�]�L�U�D�Q�H���V�X���M�H�G�L�Q�L�þ�Q�H���F�L�M�H�Q�H������������������
70 �¼���W�����L���W�U�R�ã�D�N���G�R�E�L�W�L���R�G���S�U�H�X�]�L�P�D�Q�M�D���P�X�O�M�D���L�]���U�H�J�L�M�H�����X���N�R�Q�N�U�H�W�Q�R�P���V�O�X�þ�D�M�X���D�Q�D�O�L�]�L�U�D�Q�H���V�X��
�M�H�G�L�Q�L�þ�Q�H�� �F�L�M�H�Q�H�� �������� ������ �L�� ������ �¼���W������ �1�6�9�� �V�Y�L�K�� �Y�D�U�L�M�D�Q�W�Q�L�K�� �U�M�H�ã�H�Q�M�D�� �U�D�þ�X�Q�D�W�D�� �M�H�� �X�]�� �G�L�V�N�R�Q�W�Q�X��
stopu 4 % i za vremenski period od 30 godina. 
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Rezultati i rasprava 
 
�$�Q�D�O�L�]�D�� �X�V�S�R�U�H�G�E�H�� �X�Y�R�ÿ�H�Q�M�D��THP-a proveda je sukladno prethodno opisanoj metodologiji. 
�8�V�S�R�U�H�G�Q�L���S�U�L�N�D�]���U�H�O�H�Y�D�Q�W�Q�L�K���W�H�K�Q�L�þ�N�L�K���S�D�U�D�P�H�W�D�U�D���U�D�]�P�D�W�D�Q�L�K���V�F�H�Q�D�U�L�M�D���S�U�L�N�D�]�D�Q���M�H���X���7�D�E�O�L�F�L������ 
�8�]�� �X�Y�R�ÿ�H�Q�M�H��THP-a, proizvodnja mulja smanjila bi se za oko 12 % u suhoj tvari te  
40-������ ���� �X�� �X�N�X�S�Q�R�M�� �W�H�å�L�Q�L�� �P�R�N�U�R�J�� �P�X�O�M�D�� ���R�Y�L�V�Q�R�� �R�� �Y�D�U�L�M�D�Q�W�L�� �S�U�Lmjene THP-a �± ispred ili iza 
�D�Q�D�H�U�R�E�Q�H�� �G�L�J�H�V�W�L�M�H������ �0�L�Q�L�P�D�O�Q�L�� �X�G�L�R�� �V�X�K�H�� �W�Y�D�U�L�� �N�R�M�L�� �V�H�� �R�þ�H�N�X�M�H�� �X�� �G�H�K�L�G�U�L�U�D�Q�R�P�� �P�X�O�M�X���L�]�Q�R�V�L�� 
30 %ST (kod THP-a ispred anaerobne digestije), odnosno 40 % (kod THP-a iza anaerobne 
�G�L�J�H�V�W�L�M�H�������'�R�E�L�Y�H�Q�L���P�X�O�M���L�P�D���S�R�E�R�O�M�ã�D�Q�H���N�D�U�D�N�W�H�Uistike: povoljnija konzistencija, bez patogenih 
mikroorganizama, smanjeni intenzitet neugodnih mirisa i dr. Samim time bio bi pogodniji za 
�S�R�M�H�G�L�Q�H���G�D�O�M�Q�M�H���S�R�V�W�X�S�N�H���R�E�U�D�G�H�����V�X�ã�H�Q�M�H�����N�R�P�S�R�V�W�L�U�D�Q�M�H�����V�S�D�O�M�L�Y�D�Q�M�H���L���V�O�������W�H���S�U�L���R�G�O�D�J�D�Q�M�X���L���L�O�L��
�N�R�U�L�ã�W�H�Q�M�X���Q�D���S�R�O�M�R�S�U�L�Y�U�H�G�Q�L�P���L���Q�H�S�R�O�M�R�S�U�L�Y�U�H�G�Q�L�P���S�R�Y�U�ã�L�Q�D�P�D�� 
�=�E�R�J���X�þ�L�Q�N�R�Y�L�W�L�M�H���U�D�]�J�U�D�G�Q�M�H���L���Y�H�ü�H�J���V�D�G�U�å�D�M�D���V�X�K�H���W�Y�D�U�L�����S�U�R�L�]�Y�R�G�Q�M�D���E�L�R�S�O�L�Q�D���S�R�Y�H�ü�D�O�D���E�L���V�H���]�D��
oko 30 % (kod THP-a ispred anaerobne digestije), odnosno 45 % (kod THP-a iza anaerobne 
�G�L�J�H�V�W�L�M�H�������D���X���V�O�X�þ�D�M�X���U�H�J�L�R�Q�D�O�Q�R�J���F�H�Q�W�U�D���L���G�R�����������������6�D�P�L�P���S�U�R�F�H�V�R�P���V�P�D�Q�M�X�M�H���V�H���S�R�W�U�R�ã�Q�M�D��
�H�Q�H�U�J�L�M�H���Q�D���]�D�J�U�L�M�D�Y�D�Q�M�H���D�Q�D�H�U�R�E�Q�L�K���G�L�J�H�V�W�R�U�D�����R�E�]�L�U�R�P���G�D���X���Q�M�L�K���X�O�D�]�L���Y�H�ü���]�D�J�U�L�M�D�Q���P�X�O�M�����N�R�M�L���M�H��
potrebno dodatno i hladiti nakon THP procesa, a prije anaerobnih digestora. 
 
 
Tablica 4. Uspo�U�H�G�Q�L�� �S�U�L�N�D�]�� �W�H�K�Q�L�þ�N�L�K�� �S�D�U�D�P�H�W�D�U�D�� �E�H�]�� �L�� �V�D�� �S�U�L�P�M�H�Q�R�P�� �7�+�3�� �S�U�R�F�H�V�D�� �Q�D�� �8�3�2�9-u 

Osijek kapaciteta 170.000 ES 
Table 4. Comparative presentation of technical parameters without and with the application of THP 

process at WWTP Osijek with a capacity of 170.000 ES 
 

Parametar Jedinica Bez 
THP-a 

THP ispred  
anaerobne 
digestije 

THP nakon  
anaerobne digestije 

�9�U�L�M�H�P�H���]�D�G�U�å�D�Y�D�Q�M�D���P�X�O�M�D���X��
digestorima d 20 15 14,22 

Volumen digestora �P�ñ 4.932 1.669 4.932 

VSS koji se razgradi u digestoru 
kgST/d 4.334 5.253 5.774 

% 43,7 54,6 60 

Ukupna masa dehidriranog mulja t/godina 13.600 8.341 5.821 

Proizvodnja bioplina �1�P�ñ���G 3.713 4.887 5.379 

�8�G�L�R���S�O�L�Q�D���N�R�M�L���V�H���ã�D�O�M�H���X���N�R�J�H�Q�H�U�D�F�L�M�X MWhe/ 
godina 3.261 3.777 4.158 

�9�U�L�M�H�G�Q�R�V�W���H�O�H�N�W�U�L�þ�Q�H���H�Q�H�U�J�L�M�H �¼���J�R�G�L�Q�D 423.922 491.053 540.538 
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U Tablicama 5 i 6 prikazana �M�H�� �X�V�S�R�U�H�G�Q�D�� �H�N�R�Q�R�P�V�N�D�� �D�Q�D�O�L�]�D�� �V�� �X�U�D�þ�X�Q�D�W�L�P�� �W�U�R�ã�N�R�P��
�]�E�U�L�Q�M�D�Y�D�Q�M�D���P�X�O�M�D�����$�Q�D�O�L�]�D���R�S�H�U�D�W�L�Y�Q�L�K���W�U�R�ã�N�R�Y�D����T�D�E�O�L�F�D���������S�U�R�Y�H�G�H�Q�D���M�H���]�D���Y�L�ã�H���U�D�]�O�L�þ�L�W�L�K��
�V�F�H�Q�D�U�L�M�D�� �N�R�M�L�P�D�� �M�H�� �L�V�S�L�W�D�Q�D�� �R�V�M�H�W�O�M�L�Y�R�V�W�L�� �R�S�H�U�D�W�L�Y�Q�L�K�� �W�U�R�ã�N�R�Y�D�� �R�� �S�U�R�P�M�H�Q�M�L�Y�R�V�W�L�� �S�R�M�Hdinih 
�X�O�D�]�Q�L�K���Y�H�O�L�þ�L�Q�D���N�D�R���ã�W�R���V�X���M�H�G�L�Q�L�þ�Q�L���W�U�R�ã�D�N���N�R�Q�D�þ�Q�R�J���]�E�U�L�Q�M�D�Y�D�Q�M�D���P�X�O�M�D���������������������������¼���W�����L��
�W�U�R�ã�D�N���G�R�E�L�W�L���R�G���S�U�H�X�]�L�P�D�Q�M�D���P�X�O�M�D���L�]���U�H�J�L�M�H�������������������L���������¼���W���� 
U Tablici 6 je dana usporedna ekonomska analiza s prikazom NSV���� �2�þ�H�N�L�Y�D�Q�D�� �X�ã�W�H�G�D�� �X�]��
primjenu THP procesa ispred anaerobne digestije iznosi oko 1.600.000 �± ���������������������¼�����L�]�U�D�å�H�Q�R��
kao NSV�����]�D���R�S�W�H�U�H�ü�H�Q�M�H���P�X�O�M�H�P���N�R�M�L���V�H���J�H�Q�H�U�L�U�D���L�V�N�O�M�X�þ�L�Y�R���Q�D��UPOV-u Osijek. Primjena THP-a 
nakon anaerobne digestije na UPOV Osijek nije ekonomski isplativa i opravdana. U �V�O�X�þ�D�M�X���G�D��
UPOV �2�V�L�M�H�N���S�R�V�W�D�Q�H���U�H�J�L�R�Q�D�O�Q�L���F�H�Q�W�D�U���]�D���R�E�U�D�G�X���L���]�E�U�L�Q�M�D�Y�D�Q�M�H���P�X�O�M�D�����X�ã�W�H�G�H���P�R�J�X���L���]�Q�D�þ�D�M�Q�L�M�H��
rasti (6.600.000 �± �������������������������¼�����L�]�U�D�å�H�Q�R���N�D�R��NSV�������ã�W�R���M�H���S�U�Y�H�Q�V�W�Y�H�Q�R���R�Y�L�V�Q�R���R���M�H�G�L�Q�L�þ�Q�R�M���F�L�M�H�Q�L��
preuzimanja mulja iz regije i vrijednosti naknade z�D���N�R�Q�D�þ�Q�R���]�E�U�L�Q�M�D�Y�D�Q�M�H���P�X�O�M�D�� 
 
Tablica 5. �8�V�S�R�U�H�G�Q�D���H�N�R�Q�R�P�V�N�D���D�Q�D�O�L�]�D�����N�D�S�L�W�D�O�Q�L���L���R�S�H�U�D�W�L�Y�Q�L���W�U�R�ã�N�R�Y�L�����V���L���E�H�]��THP procesa 
Table 5. Comparative economic analysis (capital and operating costs) with and without THP process 
 

Stavka Jedinica Bez THP-
a 

THP ispred 
anaerobne 
digestije 

THP nakon 
anaerobne 
digestije 

�7�U�R�ã�N�R�Y�L���L�Q�Y�H�V�W�L�F�L�M�H 
Kogeneracijsko postrojenje (ukupno)   �¼ 235.000 260.000 320.000 
Elektrostrojarska oprema vezana za THP 
proces s parnim bojlerom (razlika)   �¼   2.100.000 4.100.000 

�*�U�D�ÿ�H�Y�L�Q�V�N�L���G�L�R���]�D���7�+�3���L���R�V�W�D�O�R�����U�D�]�O�L�N�D��   �¼   220.000 430.000 
Prethodna dehidracija mulja (razlika)   �¼   320.000 265.000 
Naknadna dehidracija mulja (razlika)   �¼ 240.000 220.000 200.000 
�%�R�M�O�H�U���Y�U�X�ü�H���Y�R�G�H�����U�D�]�O�L�N�D��   �¼ 150.000     
�8�ã�W�H�G�H���X���Y�R�O�X�P�H�Q�L�P�D digestora   �¼   -1.631.403   
�8�N�X�S�Q�L���W�U�R�ã�N�R�Y�L��- samo THP, dehidracija i 
kogeneracija (razlika)   �¼ 625.000 3.120.000 5.315.000 

�8�N�X�S�Q�L���W�U�R�ã�N�R�Y�L���V���G�R�G�D�Q�R�P���X�ã�W�H�G�R�P���X��
digestorima   �¼   1.488.597   

�7�U�R�ã�N�R�Y�L���S�R�J�R�Q�D���L���R�G�U�å�D�Y�D�Q�M�D 
�(�O�H�N�W�U�L�þ�Q�D���H�Q�H�U�J�L�M�D���L�]���&�+�3-a  �¼���J�R�G�L�Q�D -423.922 -491.053 -540.538 
Polimer (ukupno)  �¼���J�R�G�L�Q�D 190.000 210.000 222.000 
�7�U�R�ã�D�N���G�D�O�M�Q�M�H�J���]�E�U�L�Q�M�D�Y�D�Q�M�D���P�X�O�M�D  �¼���J�R�G�L�Q�D 951.985 583.881 407.499 
�(�O�H�N�W�U�L�þ�Q�D���H�Q�H�U�J�L�M�D���]�D���G�L�J�H�V�W�R�U�H  �¼���J�R�G�L�Q�D 23.000 8.000 24.000 
�(�O�H�N�W�U�L�þ�Q�D���H�Q�H�U�J�L�M�D���]�D��dehidraciju mulja i THP  �¼���J�R�G�L�Q�D 11.000 28.000 42.000 
Pitka voda (para)  �¼���J�R�G�L�Q�D   3.000 2.300 
Bojler - kemikalije  �¼���J�R�G�L�Q�D   5.100 3.900 
Dodatna aeracija NH4 u bioaeracijskim 
spremnicima  �¼���J�R�G�L�Q�D 28.500 38.000 50.100 

�2�G�U�å�D�Y�D�Q�M�H  �¼���J�R�G�L�Q�D 30.000 78.000 106.300 
Amortizacija za THP - elektrostrojarski dio  �¼���J�R�G�L�Q�D   94.500 184.500 
Amortizacija za THP - �J�U�D�ÿ�H�Y�L�Q�V�N�L���G�L�R  �¼���J�R�G�L�Q�D   3.300 6.450 
�8�N�X�S�Q�L���W�U�R�ã�N�R�Y�L  �¼���J�R�G�L�Q�D 810.563 560.728 508.511 
�8�ã�W�H�G�D  �¼���J�R�G�L�Q�D   -249.835 -302.052 
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Tablica 6. Usporedna ekonomska analiza (NSV) sa i bez THP procesa 
Table 6. Comparative economic analysis (NPVs) with and without THP process 
 

Varijante  NSV (30 godina) 
Varijanta 1 - �.�R�Q�Y�H�Q�F�L�R�Q�D�O�D�Q���Q�D�þ�L�Q���E�H�]��THP-a (samo Osijek: 170.000 ES) 14.641.289 �¼��1 
Varijanta 2 - THP ispred digestora (samo Osijek: 170.000 ES) 11.184.731 �¼��1 
Varijanta 3 - THP iza digestora (samo Osijek: 170.000 ES) 14.108.202 �¼��1 
Varijanta 4 - THP �L�V�S�U�H�G���G�L�J�H�V�W�R�U�D�������2�V�L�M�H�N�������X�å�D���U�H�J�L�M�D���������������������(�6�� 8.017.491 �¼��2 
Varijanta 4 - THP is�S�U�H�G���G�L�J�H�V�W�R�U�D�������2�V�L�M�H�N�������X�å�D���U�H�J�L�M�D���������������������(�6�� 5.506.661 �¼��3 
Varijanta 4 - THP �L�V�S�U�H�G���G�L�J�H�V�W�R�U�D�������2�V�L�M�H�N�������X�å�D���U�H�J�L�M�D���������������������(�6�� 485.000 �¼��4 
Varijanta 1 - �.�R�Q�Y�H�Q�F�L�R�Q�D�O�D�Q���Q�D�þ�L�Q���E�H�]��THP-a (samo Osijek: 170.000 ES) 12.289.610 �¼��5 
Varijanta 2 - THP ispred digestora (samo Osijek: 170.000 ES) 9.742.374 �¼��5 
Varijanta 3 - THP iza digestora (samo Osijek: 170.000 ES) 13.101.561 �¼��5 
Varijanta 4 - THP �L�V�S�U�H�G���G�L�J�H�V�W�R�U�D�������2�V�L�M�H�N�������X�å�D���U�H�J�L�M�D���������������������(�6�� 5.092.291 �¼��6 
Varijanta 4 - THP �L�V�S�U�H�G���G�L�J�H�V�W�R�U�D�������2�V�L�M�H�N�������X�å�D���U�H�J�L�M�D���������������������(�6�� 2.581.461 �¼��7 
Varijanta 4 - THP �L�V�S�U�H�G���G�L�J�H�V�W�R�U�D�������2�V�L�M�H�N�������X�å�D���U�H�J�L�M�D���������������������(�6�� -2.440.200 �¼��8 
Varijanta 1 - �.�R�Q�Y�H�Q�F�L�R�Q�D�O�D�Q���Q�D�þ�L�Q���E�H�]��THP-a (samo Osijek: 170.000 ES) 9.937.930 �¼��9 
Varijanta 2 - THP ispred digestora (samo Osijek: 170.000 ES) 8.300.017 �¼��9 
Varijanta 3 - THP iza digestora (samo Osijek: 170.000 ES) 12.094.919 �¼��9 
Varijanta 4 - THP �L�V�S�U�H�G���G�L�J�H�V�W�R�U�D�������2�V�L�M�H�N�������X�å�D���U�H�J�L�M�D���������������������(�6�� 2.167.091 �¼��10 
Varijanta 4 - THP �L�V�S�U�H�G���G�L�J�H�V�W�R�U�D�������2�V�L�M�H�N�������X�å�D���U�H�J�L�M�D���������������������(�6�� -343.739 �¼��11 
Varijanta 4 - THP �L�V�S�U�H�G���G�L�J�H�V�W�R�U�D�������2�V�L�M�H�N�������X�å�D���U�H�J�L�M�D���������������������(�6�� -5.365.400 �¼��12 

Napomena: 1 �«�� ������ �¼���W�� �Q�D�N�Q�D�G�D�� �]�D�� �]�E�U�L�Q�M�D�Y�D�Q�M�H�� �P�X�O�M�D����2 �«�� ������ �¼���W�� �Q�D�N�Q�D�G�D�� �]�D�� �]�E�U�L�Q�M�D�Y�D�Q�M�H�� �P�X�O�M�D�� �L�� ������ �¼���W�� �Q�D�N�Q�D�G�D�� �]�D��
preuzimanje mulja iz regije; 3 �«���������¼���W���Q�D�N�Q�D�G�D���]�D���]�E�U�L�Q�M�D�Y�D�Q�M�H���P�X�O�M�D���L���������¼���W���Q�D�N�Q�D�G�D���]�D���S�U�H�X�]�L�P�D�Q�M�H���P�X�O�M�D���L�]���U�H�J�L�M�H����4 �«��
������ �¼���W�� �Q�D�N�Q�D�G�D�� �]�D�� �]�E�U�L�Q�M�D�Y�D�Q�M�H�� �P�X�O�M�D�� �L�� ������ �¼���W�� �Q�D�N�Q�D�G�D�� �]�D�� �S�U�H�X�]�L�P�D�Q�M�H�� �P�X�O�Ma iz regije; 5 �«�� ������ �¼���W����6 �«�� ������ �¼���W�� �Q�D�N�Q�D�G�D�� �]�D��
�]�E�U�L�Q�M�D�Y�D�Q�M�H���P�X�O�M�D���L���������¼���W���Q�D�N�Q�D�G�D���]�D���S�U�H�X�]�L�P�D�Q�M�H���P�X�O�M�D���L�]���U�H�J�L�M�H����7 �«���������¼���W���Q�D�N�Q�D�G�D���]�D���]�E�U�L�Q�M�D�Y�D�Q�M�H���P�X�O�M�D���L���������¼���W���Q�D�N�Q�D�G�D��
za preuzimanje mulja iz regije; 8 �«���������¼���W���Q�D�N�Q�D�G�D���]�D���]�E�U�L�Q�M�D�Y�D�Q�M�H���P�X�O�M�D���L���������¼���W���Qaknada za preuzimanje mulja iz regije; 9 �«��
�������¼���W���Q�D�N�Q�D�G�D���]�D���]�E�U�L�Q�M�D�Y�D�Q�M�H���P�X�O�M�D����10 �«���������¼���W���Q�D�N�Q�D�G�D���]�D���]�E�U�L�Q�M�D�Y�D�Q�M�H���P�X�O�M�D���L���������¼���W���Q�D�N�Q�D�G�D���]�D���S�U�H�X�]�L�P�D�Q�M�H���P�X�O�M�D���L�]��
regije; 11 �«�������� �¼���W�� �Q�D�N�Q�D�G�D�� �]�D�� �]�E�U�L�Q�M�D�Y�D�Q�M�H�� �P�X�O�M�D�� �L�� ������ �¼���W���Q�D�N�Q�D�G�D�� �]�D���S�U�H�X�]�L�P�D�Q�M�H�� �P�X�O�M�D���L�]�� �Uegije; 12 �«�������� �¼���W�� �Q�D�N�Q�D�G�D�� �]�D��
�]�E�U�L�Q�M�D�Y�D�Q�M�H���P�X�O�M�D���L���������¼���W���Q�D�N�Q�D�G�D���]�D���S�U�H�X�]�L�P�D�Q�M�H���P�X�O�M�D���L�]���U�H�J�L�M�H. 

 
 
�=�D�N�O�M�X�þ�D�N 
 
Primjenom THP postupka na UPOV �2�V�L�M�H�N���� �V�� �W�U�H�ü�L�P�� �V�W�X�S�Q�M�H�P�� �S�U�R�þ�L�ã�ü�D�Y�D�Q�M�D���� �P�R�å�H�� �V�H��
�R�þ�H�N�L�Y�D�W�L���S�R�V�W�L�]�D�Q�M�H���S�R�E�R�O�M�ã�D�Q�M�D���L���S�R�Y�H�ü�D�Q�M�D���H�N�R�Q�R�P�V�N�H���X�þ�L�Q�N�R�Y�L�W�R�V�W�L��UPOV-a. 
Uz primjenu THP procesa, na liniji obrade mulja ispred anaerobnih digestora, proizvodnja 
mulja smanjila bi se za oko 12 % u suhoj tvari te 40-60 �����X���X�N�X�S�Q�R�M���W�H�å�L�Q�L���P�R�N�U�R�J���P�X�O�M�D����
�X�]�� �P�R�J�X�ü�Q�R�V�W�� �]�Q�D�þ�D�M�Q�L�M�H�J�� �V�P�D�Q�M�H�Q�M�D�� �Y�R�O�X�P�H�Q�D�� �D�Q�D�H�U�R�E�Q�L�K���� �7�D�N�R�ÿ�H�U���� �G�R�E�L�Y�H�Q�L�� �P�X�O�M���L�P�D�R��
�E�L�� �E�R�O�M�H�� �N�D�U�D�N�W�H�U�L�V�W�L�N�H�� �N�D�R�� �ã�W�R�� �V�X�� �S�R�Y�R�O�M�Q�L�M�D�� �N�R�Q�]�L�V�W�H�Q�F�L�M�D���� �K�L�J�L�M�H�Q�L�]�L�U�D�Q�� �E�H�]�� �S�D�W�R�J�H�Q�L�K��
mikroorganizama, smanjeni intenzit�H�W���Q�H�X�J�R�G�Q�L�K���P�L�U�L�V�D���L���G�U�����=�E�R�J���X�þ�L�Q�N�R�Y�L�W�L�M�H���U�D�]�J�U�D�G�Q�M�H��
�R�U�J�D�Q�V�N�H���W�Y�D�U�L���L���S�R�V�W�L�]�D�Q�M�H�P���Y�H�ü�H�J���X�G�M�H�O�D���V�X�K�H���W�Y�D�U�L�����S�R�Y�H�ü�D�O�D���E�L���V�H���L���S�U�R�L�]�Y�R�G�Q�M�D���S�O�L�Q�D���]�D��
oko 30-45 %. Nastavno, dobiveni mulj bio bi pogodniji za pojedine daljnje postupke 
�R�E�U�D�G�H�� ���N�R�P�S�R�V�W�L�U�D�Q�M�H���� �V�X�ã�H�Q�M�H�� �L�� �G�U������ �W�H�� �S�U�L�� �N�R�U�L�ã�W�H�Q�M�X�� �Q�D�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�L�P�� �L��
�Q�H�S�R�O�M�R�S�U�L�Y�U�H�G�Q�L�P���S�R�Y�U�ã�L�Q�D�P�D�� 
�1�D�� �U�D�þ�X�Q�� �S�U�R�L�]�Y�R�G�Q�M�H�� �H�O�H�N�W�U�L�þ�Q�H�� �H�Q�H�U�J�L�M�H���� �H�Y�L�G�H�Q�W�Q�H�� �V�X�� �X�ã�W�H�G�H�� �N�R�G�� �V�Y�L�K�� �Y�D�U�L�M�D�Q�W�L�� �V��
primjenom THP-�D���� �3�U�H�P�G�D�� �M�H�� �Y�H�ü�D�� �S�U�R�L�]�Y�R�G�Q�M�D�� �H�Q�H�U�J�L�M�H�� �S�U�L�V�X�W�Q�D�� �X�]�� �S�U�L�P�M�H�Q�X��THP 
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procesa, na po�Y�H�ü�D�Q�M�H��NSV �W�H���Y�D�U�L�M�D�Q�W�H�����X�W�M�H�þ�H���L���Y�H�O�L�þ�L�Q�D���L�Q�Y�H�V�W�L�F�L�M�H�����R�V�R�E�L�W�R���N�R�G���Y�D�U�L�M�D�Q�W�H��
gdje UPOV Osijek postaje regionalni centar za obradu i zbrinjavanje mulja. 
Primjena THP-a nakon anaerobne digestije na UPOV Osijek nije ekonomski isplativa i 
opravdana. 
U daljnj�L�P�� �L�V�W�U�D�å�L�Y�D�Q�M�L�P�D�� �Q�D�� �R�Y�X�� �W�H�P�D�W�L�N�X���� �S�U�H�S�R�U�X�þ�D�� �V�H�� �D�Q�D�O�L�]�L�U�D�W�L�� �H�Q�H�U�J�H�W�V�N�H�� �E�L�O�D�Q�F�H�� �]�D��
�U�D�]�O�L�þ�L�W�H���N�R�P�E�L�Q�D�F�L�M�H���U�M�H�ã�H�Q�M�D���V��THP �S�U�R�F�H�V�R�P���L���E�H�]���Q�M�H�J�D�����D�O�L���X�]���G�R�G�D�W�Q�H���R�E�O�L�N�H���W�H�U�P�L�þ�N�H��
�R�E�U�D�G�H���P�X�O�M�D�����V�X�ã�H�Q�M�H�����V�S�D�O�M�L�Y�D�Q�M�H�� piroliza, uplinjavanje i dr.). 
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FEASIBILITY OF THP PROCESS ON EXISTING AND NEW WWTPS 
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professional paper 
Summary 

 
THP process is a pre- or post-treatment of sewage sludge combined with anaerobic digestion at 
WWTPs, so it can be easily applied on existing or new WWTPs. By applying THP process, reduction 
in total amount of sludge, increase in biogas production, and sludge with more favorable 
characteristics for its further disposal are achieved. The current worldwide practice indicate the 
feasibility of applying THP process at WWTPs of larger capacity (above 150,000 PE). THP process 
on WWTPs might be implemented in two basic ways - the first is to apply it in front of the digesters 
which are going to be built (advantage of newly designed WWTPs), and the second one is to apply it 
after existing anaerobic digesters (advantage of existing WWTPs where increase in anaerobic 
digesters capacity hasn't been planned). This paper gives a brief description of methodology and 
results of THP application on existing and new WWTPs. Additionally, through cost-benefit analysis 
the feasibility of THP process at WWTP Osijek is thoroughly investigated for both cases, either for 
its implementation at new WWTP or as upgrading once when WWTP will be put in operation. The 
conducted analyses indicate that application of THP process is feasible on WWTP Osijek. 
 
Keywords: treatment, sludge, THP, WWTP, Osijek 
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POSSIBILITIES AND ADVANTAGES OF GEOTHERMAL  
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review paper 
Summary 

 
Geothermal water represents two thirds of the total estimated renewable energy sources in the 
world, andits usage is known from ancient history, especially from old Romans. According to the 
geothermal potential, the Republic of Croatia can be divided into two different parts that are split by 
the southern part of the River Sava depression: Pannonian and Dinaric part. With the help of the 
positive thermal anomaly, average temperature gradient and thermal flow density are noticeably 
higher in the Pannonian part than the European average, therefore  most geothermal water springs 
are located in this area, with the possibility of discovering new springs. Temperature gradient and 
thermal flow density in the Dinaric part are lower than the world average. Despite the positive 
preconditions, the geothermal water was not used in accordance with its potential. It was mostly 
used for recreation and therapy, and a little less for fish farming, sanitary water and for water and 
space heating. Development of oil industry and examination of some geothermal boreholes created 
technological precondition for the geothermal water exploitation, for heating and production of fruit 
and vegetables in greenhouses. The first Croatian geothermal power plant has been finished, and 
consequently the usage trend turned in a positive direction. 
 
Keywords: geothermal water, renewable energy sources, possibility of exploitation 
 
Introduction  
 
Geothermal energy presents a part of the energy from the Earth�¶�V depth that reaches the 
�(�D�U�W�K�¶�V�� �V�X�U�I�D�F�H�� �L�Q�� �W�K�H�� �I�R�U�P�� �R�I�� �K�R�W�� �R�U�� �Z�D�U�P�� �J�H�R�W�K�H�U�P�D�O�� �I�O�X�L�G�� ���Z�D�W�H�U�� �R�U�� �Y�D�S�Rur) and is 
convenient for the exploitation in its original form or for the conversion in other forms. 
Geothermal water represents all water whose temperature throughout the year is higher 
than the mean air temperature in the spring located area. 
The use of geothermal water is known from ancient history, especially from old Romans, 
which is evidenced by archeological remains of the term in areas with geothermal water 
springs. Over the past few decades the usage of geothermal water has been quite disregarded, 
but lately its usage trend turned in a positive direction. The usage of geothermal water 
primarily depends on natural conditions, heat flow and temperature gradient (Figure 1). 

                                                 
*andreja.mendjel@pozega.hr 
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Geothermal water temperature varies for different springs, and can be formed into the 
following groups: subthermal water (13-�������ƒ�&�������K�\�S�R�W�K�H�U�P�D�O���Z�D�W�H�U��������-�������ƒ�&�������K�R�P�R�W�K�H�U�P�D�O��
water (34-�������ƒ�&�����D�Q�G���K�\�S�H�U�W�K�H�U�P�D�O���Z�D�W�H�U�����! �������ƒ�&�������.�R�Y�D�þ�L�ü���D�Q�G���-�H�O�L�ü���������������� 
 

 
 

Figure 1. Geothermal potential in the Europe and Republic of Croatia 
 
 
Chemical composition of geothermal water is various �± some geothermal waters are poorly 
mineralized, and some can be classified as a mineral water. 
 
Materials and methods 
 
Geothermal water can be used in several ways and the most significant is possibility the 
electricity production from high temperature geothermal sources (> 150 �ƒ�&�������7�K�H���Z�R�U�N���R�I��
geothermal power plant is based on transforming the thermal energy of the geothermal 
medium/fluid into the kinetic energy and then into the electric energy. 
Geothermal power plants work on three basic principles: dry steam, flash steam and binary 
cycle. In the dry steam plant (high temperature sources) the geothermal resource is directly 
used �± hot vapour, for the direct start of the turbine generator, which is the most optimal and 
the simplest principle. The principle of vapour separation - flash process (high temperature 
sources) is used in the most modern geothermal power plants. It uses water from the 
�U�H�V�H�U�Y�R�L�U�� �X�Q�G�H�U�� �K�L�J�K�� �S�U�H�V�V�X�U�H�� �D�Q�G�� �D�W�� �W�H�P�S�H�U�D�W�X�U�H�� �D�E�R�Y�H�� �������� �ƒ�&���� �:�D�W�H�U�� �W�Kat has not turned 
into vapour returns to the reservoir for the reuse. The binary principle (high temperature and 
medium temperature sources) is mostly used in the planned geothermal power plants. Hot 
water is used to heat a liquid that has noticeably lower boiling temperature than water that 
evaporates at the hot water temperature, and starts the turbine generator. An additional 
advantage of binary power plants is the complete closure of the system since the used water 
returns to the reservoir. Heat loss is minimal, almost without water loss and without harmful 
�H�P�L�V�V�L�R�Q�V���L�Q���W�K�H���D�L�U�����(�Q�H�U�J�\���L�Q�V�W�L�W�X�W�H���+�U�Y�R�M�H���3�R�å�D�U�������(�,�+�3������������������ 
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Figure 2. Dry steam power plant 
 

 
 

Figure 3. Flash steam power plant 
 

 
 

Figure 4. Binary cycle power plant 
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Projects of the geothermal power plant construction are loaded with ecological risk and 
very high initial investments. One part of the investment must also relate to the system of 
injecting produced and used geothermal water back into the support �± driven boreholes, 
pumps and pipelines. Only with such a closed circuit of water flow can the geothermal 
project be called a renewable and environmentally friendly energy source. 
Today geothermal water and its heat are mostly used directly, without conversion to 
another form of energy: for recreation and therapeutic purposes (balneology), for heating 
and cooling, as sanitary water (direct injection into the pipeline system), in agriculture 
(greenhouse heating possibility), in aquaculture (fish pond heating possibility), in industry 
(for paper, fruit, vegetables, fish, wood and wool drying, water distillation, milk 
pasteurization), and for the snow dissolving. 
Geothermal water can be used directly, indirectly and cascade. Direct use of geothermal 
includes using the boiler through which the water flows, and it is used for heating with 
radiators or underfloor heating. Indirect use of geothermal water includes the heat 
exchanger, the boiler and is also usedfor heating with radiators or underfloor heating. 
 

 
 

Figure 5. Direct use of geothermal water 
 
 

 
 

Figure 6. Indirect use of geothermal water 
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The most efficient way of geothermal water use is the cascade use, which provides using 
as much energy as possible, simultaneously for different users. 

 

 
 

Figure 7. Cascade use of geothermal water 
 
There arefour factors which are important for making decisions about the use of 
geothermal water: availability of geothermal sources, geothermal fluid and borehole 
characteristics, tradition of local economy and potential market. 
The use of geothermal water is worldwide represented, with 47.6% in Asia, 42.3% in 
North America, 10% in Europe and 0.10% in South America. Iceland is the leading 
country in the use of geothermal water, followed by the United States, the Philippines, 
Mexico and Japan. As far as the European union members are concerned, Sweden, France 
and Italy lead in the use of geo�W�K�H�U�P�D�O���Z�D�W�H�U�����.�U�V�W�L�Q�L�ü���1�L�å�L�ü���������������� 
Over the last few years the importance of geothermal water has also been recognized in 
countries in central Europe. There are over 1200 geothermal springs/boreholes in Hungary, 
but only 5% with the temperature above 90 �ƒ�&���� �*�H�R�W�K�H�U�P�D�O�� �Z�D�W�H�U�� �L�V�� �P�R�V�W�O�\�� �X�V�H�G�� �I�R�U��
balneological and therapeutic purposes. Hungary is the leader in the usage of geothermal 
water for the agricultural produce, with more than 200 ha of greenhouses and about 1000 ha 
of temporary covered plastic tunnels. Over 72% of heat of the total demand for heat in 
horticulture comes from the geothermal fluids. The first geothermal power plant in central 
Europe has also been opened in Hungary (Toth, 2016). In Slovenia, the government 
subsidizes the direct use of geothermal water through various projects. They include several 
leading agencies that announce tenders for regional ecological development and support the 
initiative for private capital. Geothermal water is directly located at 27 sites, and the most 
important use is in balneology, but there are also small heating systems (Kralj and Rajver, 
2000). Geothermal water research in Austria is quite proactive, and it is mainly focused on 
the exploitation of thermal water. Two small binary plants were installed, and they are used 
for the production of electric energy, central heating of settlements and for heating in the spa 
facility (heating of the hotel and pool area) (EIHP, 2010) (Alcue Net, 2014). 
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One of the best examples in Europe is Turkey. Turkey has relatively recently started with the 
development of the electricity production from geothermal sources, and in recent years its 
development was faster than it was expected. First geothermal researches started in 1962, 
and by 2014, 578 boreholes were drilled, with the total depth of 332 000 m, and 227 
geothermal fields were discovered. In the period from 2008 to 2014, 55 geothermal fields 
were discovered. Geothermal water was mostly used directly for the heating of residential 
buildings, for greenhouses heating and for balneological purposes. One private company has 
invested its own funds, and from 2006 to now 5 geothermal power plants have been built, 
with total installed power of 70 MW. In the period from 2012 to 2015 they have recorded the 
increase of 321.70%. Quick and successful development of energy production by using 
geothermal resources in Turkey shows that it is possible to create a model that is conductive 
to transition on a low carbon economy and to increase energy independence by creating a 
stimulating legal �D�Q�G���I�L�V�F�D�O���H�Q�Y�L�U�R�Q�P�H�Q�W���I�R�U���W�K�H���S�U�L�Y�D�W�H���L�Q�Y�H�V�W�R�U�V�����'�R�P�L�W�U�R�Y�L�ü���������������� 
 
Results and discussion 
 
Positive regional anomaly has created favorable natural conditions for the geothermal water 
usage. According to the geothermal potential, the Republic of Croatia can be divided by the 
southern part of the River Sava depression into two different parts: Pannonian and Dinaric part 
(Figure 8). In the Pannonian part, the temperature gradient ranges �I�U�R�P�� ���������� �W�R�� ���������� �ƒ�&���P����
which is above the world average, set atabout 0���������ƒ�&���P�����7�K�H���W�K�H�U�P�D�O���I�O�R�Z���G�H�Q�V�L�W�\��ranges from 
�������W�R���������� �P�:�P�ð�����D�Q�G���L�W���L�V�� �D�O�V�R���Q�R�W�L�F�H�D�E�O�\���K�L�J�K�H�U���W�K�D�Q���W�K�H���Z�R�U�O�G���D�Y�H�U�D�J�H����which is about 60 
�P�:�P�ð�����7�K�H�U�H�I�R�U�H�����P�R�V�W���J�H�R�W�K�H�U�P�D�O���Z�D�W�H�U���V�S�U�L�Q�J�V���D�U�H���O�R�F�D�W�H�G���L�Q���W�K�L�V���D�U�H�D�����Z�L�W�K���W�K�H���S�R�V�V�L�E�L�O�L�W�\��
of discovering new springs. In the Dinaric part, the temperature gradient rangess from 0.01 to  
�����������ƒ�&���P�����D�Q�G���W�K�H���W�K�H�U�P�D�O���I�O�R�Z���G�H�Q�V�L�W�\��ranges from 20 to �������P�:�P�ð�����Z�K�L�F�K���L�V���O�R�Z�H�U���W�K�D�Q���W�K�H��
�Z�R�U�O�G���D�Y�H�U�D�J�H�����-�H�O�L�ü���H�W���D�O���������������������7�K�H���J�H�R�W�K�H�U�P�D�O���S�R�W�H�Qtial of Pannonian part is marked with 
30 natural springs of thermal water, mostly in the western part of Croatia, and many of them 
have been known since the Roman times. 
 

 
 

Figure 8. Geothermal resources in the Republic of Croatia 
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Geothermal supports in Croatia can be divided into two categories: one with the 
�W�H�P�S�H�U�D�W�X�U�H���D�E�R�Y�H�����������ƒ�&���D�Q�G���R�Q�H���Z�L�W�K���W�K�H���W�H�P�S�H�U�D�W�X�U�H���X�Q�G�H�U�����������ƒ�&�� 
Waters with high water temperatures were found in the course of oil and gas research taken 
in the Pannonian part in the second part of the 20th century. Despite the positive 
preconditions, the geothermal water was not used in accordance with its potential. It was 
mostly used for recreation and therapy, and a little less for fish farming, sanitary water and 
for water and space heating. In the last few years the interest of geothermal water usage 
has increased: licensed geothermal fields are located in Zagreb, Bizovac, Ivan�L�ü�����.�X�W�Q�M�D�N-
Lunjkovec, Velika Ciglena, and licenced geothermal exploitation blocks are located in 
�%�R�ã�Q�M�D�F�L���� �%�D�E�L�Q�D�� �*�U�H�G�D���� �)�H�U�G�L�Q�D�Q�G�R�Y�D�F���� �/�H�J�U�D�G���� �0�D�O�L�� �%�X�N�R�Y�H�F���� �.�R�W�R�U�L�Q�D���� �3�R�G�U�D�Y�V�N�D��
�6�O�D�W�L�Q�D�����3�U�H�O�R�J�����'�U�D�ã�N�R�Y�H�F���D�Q�G���6�Y�H�W�D���1�H�G�M�H�O�M�D�����.�R�O�E�D�K �D�Q�G���â�N�U�O�H�F���������������� 
The geothermal field in Zagreb uses two technological systems: one that uses geothermal 
water for heating of swimming pools and associated facilities at the sports-recreational 
centre Mladost, and the other one that uses geothermal water for individual space heating. 
Reservoir of thermal mineral water Bizovac was found in 1967 during oil and gas 
exploration in the Drava depression. Water has very favourable properties for spa therapy, 
which was the foundation for the development of the Bizovac Spa. Except for therapeutic 
application, water is also used as an energy source in space heating with recovery of the 
�V�H�S�D�U�D�W�H�G���J�D�V���� �,�Q�� �W�K�H�� �J�H�R�W�K�H�U�P�D�O���I�L�H�O�G���L�Q���,�Y�D�Q�L�ü, water is characterized as oily water with 
total mineralization, so here Special hospital for skin and rheumatic diseases was built. At 
the geothermal field Kutnjak-Lunjkovec expected production will include electric power 
generation and direct heat utilisation in drying of agricultural products, individual space 
and district heating, bathing and other purposes. As there is no natural water inflow to the 
reservoir, used (cool) geothermal water must be injected back into the reservoir. 
Geothermal water has balneological properties suitable for health prevention and post-
traumatic rehabilitation (Energy institute �+�U�Y�R�M�H���3�R�å�D�U�������(�,�+�3������������������ 
The commissioning of the first Croatian geothermal power plant was completed in 
December 2018 in Velika Ciglena near Bjelovar. It is the largest power plant of this type in 
the European Union. This geothermal power plant has total gross power of 16.5 MW, and 
for now supplies 10 MW, which fits to the average consumption of 29000 Croatian 
households. Construction works started in 2015, and the total investment amounts to about 
325 million HRK, out of which about 220 million HRK is invested in services and 
equipment. In the second phase of this project construction of a heating plant and 8 ha of 
greenhouses is forseen, which should use the two remaining wells (Energy institute Hrvoje 
�3�R�å�D�U�������(�,�+�3������������������ 
In the place �%�R�ã�Q�M�D�F�L�����Q�H�D�U���ä�X�S�D�Q�M�D�����J�H�R�W�K�H�U�P�D�O���Z�D�W�H�U���L�V���X�V�H�G���I�R�U���K�H�D�W�L�Q�J���Jreenhouses that 
produce tomatoes. 
Zagreb area is also plentiful with geothermal energy resources, but they are used only for 
swimming pools heating (Mladost), for working and warehouse rooms heating (Blato) and for 
�E�X�V�L�Q�H�V�V�� �]�R�Q�H�� �K�H�D�W�L�Q�J�� ���/�X�þ�N�R������ �*�H�R�W�K�H�U�P�D�O�� �Z�D�W�H�U�� �S�U�R�G�X�F�W�L�R�Qamounts for only 10% of its 
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potential capacity. It is planned to implement geothermal water for agricultural and 
recreational/spa, and for the balneological purposes (health tourism) (Jurilj und Cazin, 2018). 
The main reason of poor geothermal potential exploitation is large investment and quite 
low profitability of the projects. On the other hand, legislation does not help in the usage of 
geothermal sources, as there is often a legal disagreement between law and bylaw 
regulations and acts, and it takes a long time to issue the individual permits. Projects of 
geothermal water use should be supported by the government, should be exempted from 
taxes, with a possibility of cofinancing to facilitate private investors. 
 
Conclusion 
 
There are many positive aspects of geothermal water exploitation. Geothermal water is a 
renewable energy source, it has low heating price (up to 80% cheaper than fossil fuels), it 
has greater efficiency of heating (48% more efficient than gas stoves, and more than 75% 
efficient than oil stoves), it is an environmentally friendly form of heating. Maintenance of 
the geothermal system is not expensive, geothermal water can, by heating or cooling, be 
brought to the wanted temperature. It is reliable �± it does not depend on meteorological 
influences. It uses minimal space and has low production costs. Geothermal water supplies 
are practically inexhaustible, which can reduce dependence of imported energy and 
geopolitics. 
The use of geothermal water is extremely helpful for achieving a goals of circular 
economy and reduction greenhouse gases production. The location of geothermal sites is 
often suitable for this type of production. Heat installations are relatively simple and 
equipment for automation process can easily be added. For this type of production the use 
of geothermal water is economically viable. 
Geothermal water exploitation has also negative aspects: very high costs of the starting 
production, the uncompetitive price of electricity produced in geothermal power plants, the 
water can be corrosive and accompanied by dangerous gases, outbreaks of vapour and hot 
water can be noisy, it is related to a single location, the number of high temperature 
resources that are suitable for the production of electricity are limited. 
The Republic of Croatia has positive predispositions for the geothermal water use, but 
theyhave been insufficiently exploited. The new law of hydrocarbon exploitation for the 
first time unifies all geothermal resources, and the first step in removing administrative 
barriers has been made. There are more and more local self-governments in Croatia that 
are interested in the geothermal water use, and these projects could be cofinanced from the 
EU projects. Croatia should develop innovative financial models for geothermal district 
heating, including a risk insurance scheme and intensive use of structural funds. 
Furthermore, technicians and decision makers from regional and local authorities should 
be trained in order to provide the technical background necessary to approve and support 
projects.  The district heating system should be modernized, the role of district heating 
companies should be improved and access to international geothermal expertise, markets 
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and services should be enabled. Croatia has great potential in geothermal water use, and 
we hope that in a few years, this potential will be used to a sufficient extent. 
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�6�L�Q�L�ã�D���0�D�U�L�þ�L�ü�
 
 
�*�U�D�ÿ�H�Y�L�Q�V�N�L���L���D�U�K�L�W�H�N�W�R�Q�V�N�L���I�D�N�X�O�W�H�W���2�V�L�M�H�N, ulica Vladimira Preloga 3, 31000 Osijek, Hrvatska 

�V�W�U�X�þ�Q�L���U�D�G 
S�D�å�H�W�D�N 

 
�8�� �U�D�G�X�� �V�H�� �S�U�H�G�V�W�D�Y�O�M�D�� �Q�H�N�R�O�L�N�R�� �S�U�L�P�M�H�U�D�� �Y�H�]�D�Q�L�K�� �X�]�� �L�V�W�U�D�å�L�Y�D�Q�M�D�� �Y�R�G�R�V�W�D�M�D�� �N�R�M�D�� �X�N�D�]�X�M�X�� �Q�D�� �Y�D�å�Q�H��
�H�O�H�P�H�Q�W�H�� �K�L�G�U�R�O�R�ã�N�L�K�� �R�S�D�å�D�Q�M�D�� �L�� �]�Q�D�þ�D�M�Q�H�� �R�V�R�E�L�Q�H�� �G�R�Q�M�H�� �'�U�D�Y�H���� �1�H�ã�W�R�� �Q�L�]�Y�R�G�Q�L�M�H�� �R�G�� �2�V�L�M�H�N�D�� �'�U�D�Y�D�� �V�H��
�X�O�L�M�H�Y�D�� �X�� �'�X�Q�D�Y���� �.�R�Q�W�L�Q�X�L�U�D�Q�D�� �S�U�D�ü�H�Q�M�D�� �Y�R�G�R�V�W�D�M�D�� �Q�D�� �S�R�G�U�X�þ�M�X��sutoka ovih rijeka relativno su duga, 
�G�D�W�L�U�D�M�X���V���N�U�D�M�D���S�U�H�W�S�U�R�ã�O�R�J���V�W�R�O�M�H�ü�D�����=�D���S�U�L�P�M�H�U����prrikazan �M�H���R�V�Y�U�W���Q�D���K�L�G�U�R�O�R�ã�N�X���V�W�D�Q�L�F�X���'�����0�L�K�R�O�M�D�F�����N�R�M�D��
je uspostavljena 1890. godine, ali nisu joj svi izvorni podatci vodostaja istovrsni. Ukazuje se na potrebu 
d�R�E�U�H���S�U�L�S�U�H�P�H�����X�V�N�O�D�ÿ�L�Y�D�Q�M�D�����S�R�G�D�W�D�N�D���]�D���S�R�Y�H�ü�D�Q�M�H���S�R�X�]�G�D�Q�R�V�W�L���Q�D�U�H�G�Q�L�K���D�Q�D�O�L�]�D�����=�E�R�J���P�D�O�L�K���S�D�G�R�Y�D��
�N�R�U�L�W�D���X���R�Y�R�P���S�R�G�U�X�þ�M�X�����Q�D�M�Q�L�]�Y�R�G�Q�L�M�H���K�L�G�U�R�O�R�ã�N�H���S�R�V�W�D�M�H���'�U�D�Y�H�����%�H�O�L�ã�ü�H���L���2�V�L�M�H�N�����V�X���S�R�G���X�V�S�R�U�R�P���Y�R�G�D��
Dunava. Ilustrirano je to krivuljama promjene vodostaja tijekom nekoliko godina. S obzirom na 
�P�D�N�V�L�P�D�O�Q�X�� �R�V�F�L�O�D�F�L�M�X�� �'�X�Q�D�Y�D�� �R�G�� �S�U�H�N�R�� �������� �P���� �X�V�S�R�U�� �S�R�Q�H�N�D�G�� �G�R�V�H�å�H�� �L�� �G�R�� �'���� �0�L�K�R�O�M�F�D���� �3�U�R�P�M�H�Q�H��
�Y�R�G�R�V�W�D�M�D���S�R�N�D�]�X�M�X���S�H�U�L�R�G�L�þ�N�R���S�R�Q�D�Y�O�M�D�Q�M�H�����1�D���S�U�L�P�M�H�U�L�P�D���L�]�� �E�O�L�]�L�Q�H���2�V�L�M�H�N�D���S�U�H�G�V�W�D�Y�O�M�H�Q�L���V�X���S�U�R�V�M�H�þ�Q�L��
�J�R�G�L�ã�Q�M�L���U�H�å�L�P���Y�R�G�R�V�W�D�M�D���L���Q�H�N�D���R�G�V�W�X�S�D�Q�M�D���R�G���Q�M�H�J�D���W�H���S�H�U�L�R�G�L�þ�Q�H���S�U�R�P�M�H�Q�H���J�R�G�L�ã�Q�M�H�J���U�H�å�L�P�D���Y�R�G�R�V�W�D�M�D���X��
�S�D�U���Y�D�U�L�M�D�Q�W�L�����.�U�R�]�����G�L�M�H�O�R�P���S�U�L�N�D�]�D�Q�R�����S�U�D�ü�H�Q�M�H���L���L�]�X�þ�D�Y�D�Q�M�H���Y�R�G�R�V�W�D�M�D���X�S�R�]�Q�D�W���M�H���N�D�U�D�N�W�H�U���G�R�Q�M�H���'�U�D�Y�H���L��
�Q�M�H�]�L�Q�� �P�H�ÿ�X�R�G�Q�R�V�� �V�� �'�X�Q�D�Y�R�P���� �$�Q�D�O�L�]�H�� �X�N�D�]�X�M�X�� �Q�D�� �S�U�R�G�X�E�O�M�H�Q�M�H�� �N�R�U�L�W�D��Drave tijekom razmatranog 
�G�X�J�R�J�R�G�L�ã�Q�M�H�J�� �U�D�]�G�R�E�O�M�D���� �3�U�L�P�M�H�W�Q�R�� �M�H�� �U�D�Q�L�M�H�� �S�R�M�D�Y�O�M�L�Y�D�Q�M�H�� �Y�L�ã�L�K�� �Y�R�G�R�V�W�D�M�D�� �N�D�R�� �L�� �Y�H�ü�D�� �U�D�V�S�U�ã�H�Q�R�V�W��
pojavljivanja maksimalnih vrijednosti. 
 
�.�O�M�X�þ�Q�H���U�L�M�H�þ�L�� �Y�R�G�R�V�W�D�M�L�����G�R�Q�M�D���'�U�D�Y�D�����X�V�S�R�U�����Y�R�G�Q�L���U�H�å�L�P 
 
Uvod 
 
Na velikim rijekama, �J�H�R�J�U�D�I�V�N�L�� �L�� �K�L�G�U�R�O�R�ã�N�R-�K�L�G�U�D�X�O�L�þ�N�L���� �U�D�]�O�L�N�X�M�X�� �V�H�� �W�U�L�� �Q�M�L�K�R�Y�D�� �G�L�M�H�O�D��
(Schumm, 1977; Miller, 1990)���� �7�R�� �V�X�� �J�R�U�Q�M�L���� �V�U�H�G�Q�M�L�� �L�� �G�R�Q�M�L�� �W�R�N���� �*�R�U�Q�M�L�� �G�L�R�� �L�P�D�� �Q�D�M�Y�H�ü�H��
�S�D�G�R�Y�H�� �W�R�N�D�� �S�D�� �L�� �H�Q�H�U�J�L�M�X�� �]�D�� �H�U�R�]�L�M�X�� �S�R�Y�U�ã�L�Q�H�� �O�L�W�R�V�I�H�U�H���� �'�R�Q�M�L�� �G�L�R�� �Q�D�O�D�]�L�� �V�H�� �X�� �G�R�O�L�Q�L�� �R�G��
prethodno �Q�D�Q�H�ã�H�Q�R�J�� �P�D�W�H�U�L�M�D�O�D���� �L�P�D�� �Q�D�M�P�D�Q�M�H�� �S�D�G�R�Y�H�� �W�R�N�D���� �D�O�L�� �L�]�U�D�]�L�W�R�� �N�U�L�Y�X�G�D��
���P�H�D�Q�G�U�L�U�D���� �V�S�H�F�L�I�L�þ�Q�R�� �S�U�H�Q�R�V�H�ü�L�� �Q�D�Q�R�V�� �Q�L�]�Y�R�G�Q�R���� �6�W�D�O�Q�D�� �M�H�� �W�H�å�Q�M�D�� �U�L�M�H�N�D�� �X�V�S�R�V�W�D�Y�O�M�D�Q�M�X��
�U�D�Y�Q�R�W�H�å�H���V�Y�L�P���X�W�M�H�F�D�M�Q�L�P���H�O�H�P�H�Q�W�L�P�D�����W�]�Y�����H�N�Y�L�O�L�E�U�L�M�X�����6�Y�H���V�H���W�R���R�G�U�D�å�D�Y�D���Q�D���V�W�D�Q�M�H���U�L�M�H�N�H����
�D���X�R�þ�D�Y�D�P�R���J�D���L���L�]�X�þ�D�Y�D�P�R���S�U�Y�H�Q�V�W�Y�H�Q�R���S�R�P�R�ü�X���Y�R�G�R�V�W�D�M�D�� 
�8�� �Q�D�ã�H�P�� �R�N�U�X�å�H�Q�M�X�� ���]�D�S�D�G�Q�R�M�� �6�O�D�Y�R�Q�L�M�L�� �5���� �+�U�Y�D�W�V�N�H���� �G�R�P�L�Q�L�U�D�� �U�L�M�H�N�D�� �'�U�D�Y�D�� �S�D�� �L�� �V�D�P��
�U�H�J�L�R�Q�D�O�Q�L���F�H�Q�W�D�U�����J�U�D�G���2�V�L�M�H�N�����O�H�å�L���Q�D���Q�M�H�]�L�Q�R�M���G�H�V�Q�R�M���R�E�D�O�L�����'�U�D�Y�D���M�H���R�Y�G�M�H���X���V�Y�R�P���G�R�Q�M�H�P��
toku i dvadesetak kilometara niz�Y�R�G�Q�R���� �N�R�G�� �Q�D�V�H�O�M�D�� �$�O�M�P�D�ã���� �X�O�L�M�H�Y�D�� �V�H�� �X�� �M�R�ã�� �Y�H�ü�X�� �U�L�M�H�N�X��
�'�X�Q�D�Y���� �2�� �L�Q�W�H�U�H�V�X�� �]�D�� �R�þ�X�Y�D�Q�M�H�� �S�U�L�U�R�G�H�� �L�� �P�R�J�X�ü�Q�R�V�W�L�P�D�� �U�D�]�Y�R�M�D�� �Y�H�]�D�Q�R�� �]�D�� �Q�D�ã�� �G�L�R�� �'�U�D�Y�H��
�J�R�Y�R�U�L�� �L�� �þ�L�Q�M�H�Q�L�F�D�� �R�� �S�R�V�W�R�M�D�Q�M�X�� �9�R�G�Q�R�J�R�V�S�R�G�D�U�V�N�R�J�� �R�G�M�H�O�D�� �]�D�� �'�X�Q�D�Y�� �L�� �G�R�Q�M�X�� �'�U�D�Y�X����
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�+�U�Y�D�W�V�N�L�K���Y�R�G�D�����3�U�L�M�D�ã�Q�M�L���L�Q�W�H�U�H�V�L (poplavni problemi i razvoj plovnih putova) doveli su do 
�X�V�S�R�V�W�D�Y�H���V�X�V�W�D�Y�D���R�S�D�å�D�Q�M�D���Y�R�G�R�V�W�D�M�D���Q�D���'�U�D�Y�L�����N�R�M�L���V�H���Y�U�H�P�H�Q�R�P���Q�D�G�R�J�U�D�ÿ�L�Y�D�R�� 
 
Materijali  i metode 
 
Mjerenja vodostaja donje Drave - Uvidom u djelokrug mjerenja vodostaja donje Drave 
���'�+�0�=���� �X�R�þ�O�M�L�Y�R je da postoje (Slika 1������ �Q�D�M�M�H�G�Q�R�V�W�Y�Q�L�M�L�� �Q�D�þ�L�Q�L�� �V�� �R�E�L�þ�Q�R�P�� �Y�R�G�R�N�D�]�Q�R�P��
letvom (vertikalnom - Bijelo Brdo i kosom �± �2�V�L�M�H�N���� �9�X�N�R�Y�D�U������ �V�O�R�å�H�Q�L�M�L�� �P�H�K�D�Q�L�þ�N�L��
instrumenti (limnigrafi - �$�O�M�P�D�ã���� �%�D�W�L�Q�D���� �]�D�� �N�R�Q�W�L�Q�X�L�U�D�Q�R�� �S�U�D�ü�H�Q�M�H���� �V�X�Y�U�H�P�H�Q�L�M�L��
�H�O�H�N�W�U�R�Q�L�þ�N�L�����G�L�J�L�W�D�O�Q�L�� �X�U�H�ÿ�D�M�L���V�D���U�D�G�D�U�V�N�L�P���L���X�O�W�U�D�]�Y�X�þ�Q�L�P���V�H�Q�]�R�U�L�P�D�����7�����3�R�O�M�H�����2�V�L�M�H�N�����'����
�0�L�K�R�O�M�D�F���� �W�H�� �X�U�H�ÿ�D�M�L�� �]�D�� �D�X�W�R�P�D�W�V�N�X�� �S�R�K�U�D�Q�X�� �L�� �G�R�M�D�Y�X�� �S�R�G�D�W�D�N�D�� ���W�H�O�H�P�H�W�U�L�M�V�N�L�� �V�X�V�W�D�Y������
�9�R�G�R�V�W�D�M�H���V�X���Q�H�N�D�G�����S�R�Q�H�J�G�M�H���L���G�D�Q�D�V�����M�H�G�Q�R�P���L�O�L���Q�H�N�R�O�L�N�R���S�X�W�D���Q�D���G�D�Q���R�þ�L�W�D�Y�D�O�L���P�R�W�U�L�W�H�O�M�L��
���S�D�� �L�� �Y�R�G�R�þ�X�Y�D�U�L���� �V�� �Y�R�G�R�N�D�]�Q�H�� �O�H�W�Y�H���� �0�M�H�V�H�þ�Q�L�� �L�]�Y�M�H�ã�W�D�M�L�� �S�U�L�N�X�S�O�M�D�O�L�� �V�X�� �V�H�� �X�� �F�H�Q�W�U�D�O�Q�R�M��
�K�L�G�U�R�O�R�ã�N�R�M���V�O�X�å�E�L�������2�V�N�R�U�X�ã�������������������'�D�Q�D�V���M�H���X�R�E�L�þ�D�M�H�Q�R���D�X�W�R�P�D�W�V�N�R���U�H�J�L�V�W�U�L�U�D�Q�M�H���L���G�R�M�D�Y�D��
vodostaja u realnom vremenu �± AVP (automatska vodomjerna postaja). 
 

   
 

Slika 1. �2�S�D�å�D�Q�M�H���Y�R�G�R�V�W�D�M�D��- �R�E�L�þ�Q�R�P���O�H�W�Y�R�P�����N�R�V�R�P���X���R�E�D�O�R�X�W�Y�U�G�L���L���H�O�H�N�W�U�R�Q�L�þ�N�L�����S�U�L�N�O�D�G�Q�L�P���V�H�Q�]�R�U�R�P 
Figure 1. Water level observation - by water level measurement stock (vertical or on the slope of 

river embankment) and electronically, with a suitable sensor 
 
 
P�R�Y�L�M�H�V�Q�R���J�O�H�G�D�Q�R�����P�M�H�U�H�Q�M�D���Y�R�G�R�V�W�D�M�D���Q�D�M�S�U�L�M�H���V�X���]�D�S�R�þ�H�O�D���X���2�V�L�M�H�N�X�����������������J�R�G�L�Q�D�����0�D�Q�M�D��
�J�U�X�S�D�� �S�R�V�W�D�M�D�� �X�V�S�R�V�W�D�Y�O�M�H�Q�D�� �M�H�� �X�� �G�U�X�J�R�M�� �S�R�O�R�Y�L�Q�L�� �;�,�;���� �V�W�R�O�M�H�ü�D���� �D�� �R�S�D�å�D�þ�N�D�� �P�U�H�å�D�� �M�H��
�S�R�P�D�O�R�� �G�R�S�X�Q�M�D�Y�D�Q�D�� �W�L�M�H�N�R�P�� �Q�D�U�H�G�Q�R�J�� �V�W�R�O�M�H�ü�D���� �S�R�V�H�E�Q�R�� �V�U�H�G�L�Q�R�P�� �G�U�X�J�H�� �S�R�O�R�Y�L�Q�H���� �1�D��
p�U�L�M�H�O�D�]�X�� �X�� �;�;�,���� �V�W�R�O�M�H�ü�H�� �S�U�R�Y�H�G�H�Q�D�� �M�H�� �D�X�W�R�P�D�W�L�]�D�F�L�M�D�� �J�O�D�Y�Q�L�Q�H�� �S�R�V�W�D�M�D�� ���7�H�U�H�N�� �L�� �G�U�X�J�L����
�������������� �6�Y�H�� �W�R�� �J�R�Y�R�U�L�� �R�� �I�R�Q�G�X�� �S�R�G�D�W�D�N�D�� �Q�D�� �N�R�M�H�� �V�H�� �P�R�å�H�� �U�D�þ�X�Q�D�W�L�� �]�D�� �K�L�G�U�R�O�R�ã�N�H�� �D�Q�D�O�L�]�H���� �D��
�W�U�H�E�D���R�E�U�D�W�L�W�L���S�D�å�Q�M�X���L���Q�D���Q�H�N�H���S�U�H�N�L�G�H���X���U�D�G�X�����Q�D�M�þ�H�ã�ü�L���V�X���X�]�U�R�N�R�Y�D�Q�L���U�D�W�Q�L�P���R�N�R�Onostima, 
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�D�O�L�� �E�L�O�R�� �M�H�� �L�� �G�H�Y�D�V�W�D�F�L�M�D�� �Y�R�G�R�P�M�H�U�D������ �+�L�G�U�R�O�R�ã�N�H�� �S�R�V�W�D�M�H�� �O�R�F�L�U�D�Q�H�� �V�X�� �G�X�å�� �U�L�M�H�þ�Q�R�J�� �N�R�U�L�W�D���� �V��
�S�R�G�M�H�G�Q�D�N�L�P�� �P�H�ÿ�X�U�D�]�P�D�N�R�P���� ���'�+�0�=������ �=�D�� �Q�M�L�K�R�Y�R�� �X�þ�Y�U�ã�ü�H�Q�M�H�� �N�R�U�L�ã�W�H�Q�L�� �V�X�� ��Slika 2): 
�V�W�D�E�L�O�Q�L���G�L�M�H�O�R�Y�L���R�E�D�O�D�����H�O�H�P�H�Q�W�L���P�R�V�W�R�Y�D�����2�V�L�M�H�N�����7�����3�R�O�M�H�������J�U�D�ÿ�H�Y�L�Q�H���S�U�L�V�W�D�Q�L�ã�W�D�����1�����9�L�U�M�H����
�L�� �F�U�S�Q�L�K�� �V�W�D�Q�L�F�D�� ���'���� �0�L�K�R�O�M�D�F������ �X�W�Y�U�ÿ�H�Q�H�� �R�E�D�O�H�� ���%�H�O�L�ã�ü�H���� �'�D�O�M���� �L�O�L�� �V�X�� �L�]�Y�R�ÿ�H�Q�H�� �S�R�V�H�E�Q�H��
�R�S�D�å�D�þ�N�H���J�U�D�ÿ�H�Y�L�Q�H�����%�H�O�L�ã�ü�H�����$�O�M�P�D�ã�������/�R�N�D�F�L�M�D���M�H���S�U�H�F�L�]�L�U�D�Q�D���U�L�M�H�þ�Q�R�P���V�W�D�F�L�R�Q�D�å�R�P�����N�R�M�D��
�V�H�� �X�Y�L�M�H�N�� �Q�D�Y�R�G�L�� �N�D�R�� �S�U�D�W�H�ü�L�� �S�R�G�D�W�D�N�� �K�L�G�U�R�O�R�ã�N�H�� �S�R�V�W�D�M�H�� ���:�L�O�V�R�Q���� ������������ �ä�X�J�D�M���� ��������������
�1�D�M�Y�D�å�Q�L�M�L���S�R�G�D�W�D�N���S�R�V�W�D�M�H���M�H���N�R�W�D���Ä���³-�Y�R�G�R�P�M�H�U�D���L���R�Q�D���X�Y�L�M�H�N���P�R�U�D���S�U�D�W�L�W�L���R�G�U�H�ÿ�H�Q�L���V�N�X�S��
�S�R�G�D�W�D�N�D���N�R�G���N�R�M�L�K���M�H���E�L�O�D���Y�D�å�H�ü�D�����U�D�]�G�R�E�O�M�H���R�S�D�å�D�Q�M�D���� 
 

 
 

Slika 2. Ugradnja vodomjera na elemente crpne stanice (D. Miholjac)  
i kao sam�R�V�W�D�O�Q�R�J���R�E�M�H�N�W�D�����$�O�M�P�D�ã�� 

Figure 2. Installation of water level gauge on pumping station elements (D. Miholjac)  
�D�Q�G���D�V���D�Q���L�Q�G�H�S�H�Q�G�H�Q�W���R�E�M�H�F�W�����$�O�M�P�D�ã�� 
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Rezultati i rasprava 
 
O obradama vodostaja (na primjerima donje Drave) - �3�U�L�M�H���V�D�P�R�J�� �N�R�U�L�ã�W�H�Q�M�D���S�R�G�D�W�D�N�D���V�� �Q�H�N�H��
�Y�R�G�R�P�M�H�U�Q�H�� �S�R�V�W�D�M�H�� �S�R�W�U�H�E�Q�R�� �M�H�� �S�U�R�Y�M�H�U�L�W�L�� �Q�M�L�K�R�Y�X�� �K�R�P�R�J�H�Q�R�V�W���� �S�U�L�M�H�� �V�Y�H�J�D�� �X�V�N�O�D�ÿ�H�Q�R�V�W�� �S�R��
�S�R�]�L�F�L�M�L���L���L�V�K�R�G�L�ã�W�X�����Ä���³�����Y�R�G�R�N�D�]�D�����3�R�G�D�F�L���V�H���L�V�N�D�]�X�M�X���X���F�P���L�]�P�M�H�U�H�Q�L�P���Q�D���Y�R�G�R�N�D�]�X���X���Q�H�N�R�P��
�W�U�H�Q�X�W�N�X�����2�E�L�þ�Q�R���M�H���W�R���E�L�O�R���X�������Vati, a predstavljalo je dnevni podatak. Ponegdje se na osnovu tri 
�R�þ�L�W�D�Q�M�D�� �W�L�M�H�N�R�P�� �G�D�Q�D�� �N�R�U�L�V�W�L�R�� �S�U�R�V�M�H�N�� �]�D�� �U�H�S�U�H�]�H�Q�W�D�W�L�Y�Q�L�� �G�Q�H�Y�Q�L�� �S�R�G�D�W�D�N���� �'�D�Q�D�V�� �V�H�� �L�V�N�D�]�X�M�H��
�G�Q�H�Y�Q�L���S�U�R�V�M�H�N���L�]���N�R�Q�W�L�Q�X�L�U�D�Q�H���]�D�E�L�O�M�H�å�E�H���X�Q�X�W�D�U���������V�D�W�D���Q�H�N�R�J���G�D�Q�D�����9�H�ü�L���S�U�R�E�O�H�P���M�H���R�G�V�W�X�S�D�Q�M�H��
us�O�L�M�H�G���S�U�R�P�M�H�Q�H���Ä���³-�Y�R�G�R�N�D�]�D�����N�R�M�H���P�R�å�H���E�L�W�L���]�Q�D�þ�D�M�Q�L�M�H�����7�D�N�R�ÿ�H�U�����]�Q�D�þ�D�M�Q�L�M�D���S�U�R�P�M�H�Q�D���S�R�]�L�F�L�M�H��
�X�]�Y�R�G�Q�R���L�O�L���Q�L�]�Y�R�G�Q�R���X�]�� �]�D�G�U�å�D�Y�D�Q�M�H���U�D�]�L�Q�H���Y�H�U�W�L�N�D�O�Q�R�J���L�V�K�R�G�L�ã�W�D���P�R�å�H���S�R�U�H�P�H�W�L�W�L�� �K�R�P�R�J�H�Q�R�V�W��
�V�N�X�S�D�����R�G�Q�R�V�Q�R���Y�D�O�M�D�Q�R�V�W���S�R�G�D�W�D�N�D�����.�D�R���G�R�E�D�U���S�U�L�P�M�H�U���S�R�W�U�H�E�H���]�D���X�V�N�O�D�ÿ�L�Y�D�Q�M�H�P���P�R�å�H���S�R�V�O�X�å�L�W�L��
�V�O�X�þ�D�M�� �K�L�G�U�R�O�R�ã�N�H�� �S�R�V�W�D�M�H�� �'�R�Q�M�L�� �0�L�K�R�O�M�D�F�� ���0�D�U�L�þ�L�ü�� �L�� �G�U�X�J�L���� �������������� �8�� �S�U�H�N�R�� ������-�J�R�G�L�ã�Q�M�H�P��
�U�D�]�G�R�E�O�M�X���R�S�D�å�D�Q�M�D�����6�O�L�N�D��3) tri puta je mijenjana pozicija vodomjera (zadnji put za preko 4 km 
�ã�W�R���S�U�H�P�D���S�D�G�X���N�R�U�L�W�D���P�L�M�H�Q�M�D���Y�R�G�R�V�W�D�M���]�D���a���������F�P�������D���X�]���W�R���V�X���V�H���G�H�V�L�O�H���L���]�Q�D�þ�D�M�Q�L�M�H���S�U�R�P�M�H�Q�H��
�N�R�W�H���Ä���³-vodokaza (18 cm). 
 

 
 

Slika 3. Povijesne promjene pozicije vodomjera na Dravi kod Donjeg Miholjca 
Figure 3. Historical changes in the position of the water level gauge on the Drava near Donji Miholjac 

 
�3�U�R�P�M�H�Q�H�� �Y�R�G�R�V�W�D�M�D�� �N�R�M�H�� �V�H�� �G�H�ã�D�Y�D�M�X�� �Q�D�� �Q�H�N�R�M�� �U�L�M�H�F�L�� �U�D�]�O�L�N�X�M�X�� �V�H�� �R�Y�L�V�Q�R�� �R�� �X�Y�M�H�W�L�P�D�� �N�R�M�L��
�Y�O�D�G�D�M�X���Q�D���Q�M�H�Q�R�P���X�]�Y�R�G�Q�R�P���V�O�L�Y�X�����8�V�S�R�U�H�G�E�R�P���V�D�W�Q�L�K�����V�Y�D�N�L���S�X�Q�L���V�D�W�����L���G�Q�H�Y�Q�L�K�����R�þ�L�W�D�Q�M�H��
�X�������V�D�W�L�����S�R�G�D�W�D�N�D���P�R�å�H���V�H���Y�L�G�M�H�W�L���N�R�O�L�N�R���V�H���E�U�]�R���G�H�ã�D�Y�D�M�X���S�U�R�P�M�H�Q�H���Q�D���S�U�H�G�P�H�Wnoj lokaciji. 
�=�D�� �G�R�Q�M�X�� �'�U�D�Y�X�� ���V�O�L�Y�D�� �R�G�� �Y�L�ã�H�� �G�H�V�H�W�D�N�D�� �W�L�V�X�ü�D�� �þ�H�W�Y�R�U�Q�L�K�� �N�L�O�R�P�H�W�D�U�D���� �W�H�� �S�U�R�P�M�H�Q�H�� �V�X��
relativno spore (male) u odnosu na vrijeme prolaska vodnih valova ovim dijelom Drave. 
�'�D�N�O�H�����P�R�å�H���V�H���U�H�ü�L���G�D���S�U�R�P�M�H�Q�H���Y�R�G�R�V�W�D�M�D���L�P�D�M�X���G�Q�H�Y�Q�L���N�D�U�D�N�W�H�U�����ã�W�R���]�Q�D�þi da obje vrste 
podataka dobro opisuju (oslikavaju) promjene vodostaja u vremenu (Slika 4), tj. da su 
dnevni podaci dovoljni za upoznavanje prirodnih osobina donje Drave. Ipak treba 
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�Q�D�S�R�P�H�Q�X�W�L�� �G�D�� �L�G�X�ü�L�� �X�]�Y�R�G�Q�L�M�H�� ���R�N�R�� �������� �U�L�M�H�þ�Q�L�K�� �N�L�O�R�P�H�W�D�U�D���� �L�� �E�O�L�å�H�� �S�R�V�W�R�M�H�ü�L�P��
�K�L�G�U�R�H�O�H�N�W�U�D�Q�D�P�D���� �R�Y�L�V�Q�R�� �R�� �Q�M�L�K�R�Y�R�P�� �U�H�å�L�P�X�� �U�D�G�D�� ���G�Q�H�Y�Q�R-�Q�R�ü�Q�R�P�� �U�L�W�P�X������ �M�D�Y�O�M�D�M�X�� �V�H��
�P�D�Q�M�D���R�G�V�W�X�S�D�Q�M�D���R�G���S�U�H�W�K�R�G�Q�R���N�R�Q�V�W�D�W�L�U�D�Q�R�J�����%�R�Q�D�F�F�L���L���2�V�N�R�U�X�ã���������������� 
 

 
 

Slika 4. �6�D�W�Q�L���L���G�Q�H�Y�Q�L���Y�R�G�R�V�W�D�M�L���G�R�Q�M�H���'�U�D�Y�H�����Q�H�P�D�O�L���G�Q�H�Y�Q�L���S�U�L�U�D�V�W�����Y�L�ã�H�G�Q�H�Y�Q�L���N�D�U�D�N�W�H�U���Y�R�G�Q�R�J���Y�D�O�D 
Figure 4. Hourly and daily water levels of the lower Drava; considerable daily increase;  

multi-day water wave character 
 
�5�D�]�P�D�W�U�D�Q�M�H�P�� �S�R�G�D�W�D�N�D�� �V�� �Y�L�ã�H�� �S�R�V�W�D�M�D�� �P�R�Ju se spoznati osobine vodnih valova na ovom 
�G�L�M�H�O�X���'�U�D�Y�H���� �=�D�M�H�G�Q�L�þ�N�L�P�� �S�U�L�N�D�]�R�P�� �Y�R�G�R�V�W�D�M�D�� �X��vremenu (Slika 4) mogu �V�H���X�R�þ�L�W�L�� �Y�R�G�Q�L��
valovi i njihove osobine. 
�3�U�L�N�D�]�R�P�� �S�R�M�H�G�L�Q�L�K�� �Y�R�G�R�V�W�D�Q�M�D�� �X�� �S�U�R�V�W�R�U�X�� �P�R�J�X�� �V�H�� �X�R�þ�L�W�L�� �R�V�R�E�L�Q�H�� �Y�R�G�Q�L�K�� �O�L�F�D�� �Q�H�N�H��
dionice toka. Velik�L���Y�R�G�Q�L���Y�D�O�R�Y�L���W�U�D�M�X���S�U�H�N�R���G�H�V�H�W���L���G�R�V�W�D���Y�L�ã�H���G�D�Q�D�����8�]�Y�R�G�Q�R���V�X���Y�D�O�R�Y�L��
�L�]�U�D�å�H�Q�L�M�L�� �L�� �W�U�D�Q�V�I�R�U�P�L�U�D�M�X�� �V�H�� ���S�R�� �L�]�Q�R�V�X�� �L�� �W�U�D�M�D�Q�M�X���� �S�U�H�P�D�� �Q�L�]�Y�R�G�Q�R���� �'�Q�H�Y�Q�D�� �S�U�R�P�M�H�Q�D��
�Y�R�G�R�V�W�D�M�D�� �X�]�Y�R�G�Q�L�M�H�� �M�H�� �Y�H�ü�D���� �3�U�R�S�D�J�D�F�L�M�D�� �Y�D�O�D�� �S�R�� �S�X�W�X�� �S�R�N�D�]�X�M�H�� �G�Q�H�Y�Q�X�� �S�U�R�P�M�H�Q�X�� �R�G��
skoro 1 m kod Tere�]�L�Q�R�J�� �3�R�O�M�D���� �D�� �J�R�W�R�Y�R�� �������� �P�D�Q�M�X�� �Y�U�L�M�H�G�Q�R�V�W�� �N�R�G�� �%�H�O�L�ã�ü�D���2�V�L�M�H�N�D�� �]�D��
�V�O�X�þ�D�M���S�R�M�D�Y�H���Y�H�O�L�N�H���Y�R�G�H���G�R�P�L�Q�D�Q�W�Q�R���X���N�R�U�L�W�X���'�U�D�Y�H�����=�D���U�D�]�O�L�N�X���W�R�P�H�����D�N�R���Y�H�O�L�N�D���Y�R�G�D��
�G�R�P�L�Q�D�Q�W�Q�R�� �Q�D�L�O�D�]�L�� �G�X�Q�D�Y�V�N�L�P�� �N�R�U�L�W�R�P�� �Q�D�M�Y�H�ü�D�� �D�P�S�O�L�W�X�G�D�� �S�U�R�P�M�H�Q�H�� ���R�N�R�� ���� �P���� �E�L�W�L�� �ü�H��
�N�R�G�� �2�V�L�M�H�N�D���� ���'�D�G�L�ü�� �L���G�U�X�J�L���� �������������� �7�R�� �V�H�� �G�H�W�D�O�M�Q�L�M�H�� �P�R�å�H�� �U�D�]�P�R�W�U�L�W�L�� �S�R�P�R�ü�X��
korelacijskih odnosa istodnevnih vodostaja Osijeka i okolnih postaja (Slika 5). Bolje se 
�P�R�å�H�� �G�H�I�L�Q�L�U�D�W�L�� �U�H�J�U�H�V�L�M�V�N�L�� �R�G�Q�R�V�� �N�R�G�� �Q�L�å�L�K�� �Y�R�G�R�V�W�D�M�D�� �V�� �S�R�V�W�D�M�D�P�D�� �'�U�D�Y�H�� ���%�H�O�L�ã�ü�H���� �'����
�0�L�K�R�O�M�D�F�������D���N�R�G���Y�L�ã�L�K���V��dunavskim (Apatin, Batina). 
�,�V�W�R�Y�U�H�P�H�Q�L�� �Y�R�G�R�V�W�D�M�L�� �S�R���W�U�D�V�L�� �N�R�U�L�W�D���R�P�R�J�X�ü�X�M�X���R�G�U�H�ÿ�L�Y�D�Q�M�H���W�U�H�Q�X�W�Q�R�J�� �Y�R�G�Q�R�J�� �O�L�F�D���G�R�Q�M�H��
�'�U�D�Y�H�����7�L�M�H�N�R�P���S�U�R�O�D�V�N�D���Y�R�G�Q�R�J���Y�D�O�D���Y�R�G�Q�R���O�L�F�H���V�H���P�L�M�H�Q�M�D�����U�D�V�W�H���P�X���L���R�S�D�G�D���X�]�G�X�å�Q�L���S�D�G����
Prema jednom velikom dunavskom valu (Slika 6) padovi po dionicama mijenjaju se od cca 
���������� �F�H�Q�W�L�P�H�W�U�D�� �S�R�� �N�L�O�R�P�H�W�U�X�� �G�X�å�L�Q�H��do cca 6 cm/km'. Kod znatnog utjecaja dunavske 
velike vode pad na dionici Osijek-�$�O�M�P�D�ã�� �M�H�� �E�H�]�Q�D�þ�D�M�D�Q���� �=�Q�D�� �E�L�W�L�� �N�R�M�L�� �F�P���� �D�� �þ�D�N�� �M�H��
�]�D�E�L�O�M�H�å�H�Q�����Y�M�H�U�R�M�D�W�Q�R���J�U�H�ã�N�R�P�����L���P�D�O�L���N�R�Q�W�U�D�S�D�G�����+�9���� 
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Slika 5. �.�R�U�H�O�D�F�L�M�D���Y�U�L�M�H�G�Q�R�V�W�L���]�D�E�L�O�M�H�å�H�Q�L�K���L�V�W�R�G�Q�H�Y�Q�L�K���Y�R�G�R�V�W�D�M�D���'�U�D�Y�H���N�R�G���2�V�L�M�H�N�D�� 
s uzvodnim vodostajima rijeke Drava i Dunav 

Figure 5. Correlation of simultaneous water levels values of the Drava in Osijek with upstream water levels 
of rivers Drava and Danube 

 
 

 
 

Slika 6. Promjena padova vodnog lica Drave kod prolaska vodnog vala u rujanu 2014. 
Figure 6. Changes of the Drava water surface fall during the water wave in September 2014 

 



8th International Conference WATER FOR ALL 
21-22 March 2019 
Osijek, Croatia 

Zbornik radova  / Proceedings 
Upravljanje vodnim resursima / Water resources managment 

 

68 

Rezultati i rasprava 
 
Osobine (vodostaja) donje Drave - �3�U�H�P�D�� �K�L�G�U�R�O�R�ã�N�L�P�� �R�E�U�D�G�D�P�D�� �L�� �D�Q�D�O�L�]�D�P�D�� �Y�R�G�R�V�W�D�M�D��
�L�]�Y�R�G�H�� �V�H�� �]�D�N�O�M�X�þ�F�L�� �R�� �R�V�R�E�L�Q�D�P�D�� �U�L�M�H�N�D�� �U�D�]�P�D�W�U�D�Q�R�J�� �S�R�G�U�X�þ�M�D���� �7�D�M�� �S�R�V�D�R�� �W�U�H�E�D�� �R�G�U�D�G�L�W�L��
�V�W�U�X�þ�Q�R�����D���G�D�Q�D�V���M�H���V�Y�H���P�D�Q�M�H���R�V�R�E�D���N�R�M�H���V�H���E�D�ã���V�D�P�R���W�R�P�H���S�R�V�Y�H�ü�X�M�X�� 
�â�W�R�� �V�H�� �W�L�þ�H�� �G�R�Q�M�H�� �'�U�D�Y�H���� �Y�H�ü�� �V�H�� �L�]�� �S�U�H�W�K�R�G�Q�L�K�� �R�G�O�R�P�Dka vidjelo kako se dolazi do 
�]�D�N�O�M�X�þ�D�N�D���� �2�S�ü�H�Q�L�W�R���� �S�U�H�P�D�� �S�R�G�D�F�L�P�D�� �L�]�� �R�Y�R�J�� �V�W�R�O�M�H�ü�D�� ���+�9���� �R�Y�D�� �G�L�R�Q�L�F�D�� �'�U�D�Y�H�� �M�H�� �X��
�E�O�D�J�R�P�� �S�D�G�X���� �S�U�R�V�M�H�þ�Q�L�� �S�D�G�R�Y�L�� �V�X�� �M�R�M�� ���R�G�� �7���� �3�R�O�M�D�� �G�R�� �2�V�L�M�H�N�D���� �F�F�D���� ����-14 cm/km  
(0,12-�����������Å�������2�G���2�V�L�M�H�N�D���S�U�R�V�M�H�þ�Q�R���Y�R�G�Q�R���O�L�F�H���V�H���V�P�D�Q�M�X�M�H���G�R���G�X�Qavskog korita gdje je 
�S�U�R�V�M�H�þ�Q�L�� �S�D�G���F�F�D������ �F�P���N�P���� �0�D�N�V�L�P�D�O�Q�L�� �S�D�G�R�Y�L�� �V�X���Q�D���'�U�D�Y�L�� ���R�G�������� �F�P���N�P�� �L�� �Y�L�ã�H���� �]�Q�D�W�Q�R��
�Y�H�ü�L�� �Q�H�J�R�� �Q�D�� �R�Y�G�D�ã�Q�M�H�P�� �G�L�M�H�O�X�� �'�X�Q�D�Y�D�� ���]�Q�D�W�Q�L�M�H�� �Y�D�U�L�U�D�M�X�� �S�R�� �G�L�R�Q�L�F�D�P�D���� �R�N�R�� ������ �F�P���N�P������
�0�L�Q�L�P�D�O�Q�L�� �S�D�G�R�Y�L�� �Q�D�� �'�U�D�Y�L�� �X�]�Y�R�G�Q�L�M�H�� �R�G�� �%�H�O�L�ã�ü�D�� �V�X�� ��-8 cm/km, za razliku od dunavskih 
koji su 1,5-3 cm/km. Najmanji se javljaju na dijelu �R�G�� �%�H�O�L�ã�ü�D�� �Q�L�]�Y�R�G�Q�L�M�H�� �M�H�U�� �M�H�� �S�R�G��
uspornim djelovanjem voda Dunava (vidljivo na slikama 7 i 8) pa tu pad ponekad gotovo 
nestaje. 
�8�V�S�R�U�Q�L�� �X�þ�L�Q�D�N�� �Y�D�å�D�Q�� �M�H�� �]�D�� �G�H�I�L�Q�L�U�D�Q�M�H�� �L�� �S�U�L�P�M�H�Q�X�� �S�U�R�W�R�þ�Q�H�� �N�U�L�Y�X�O�M�H�� ���N�R�Q�V�X�P�S�F�L�M�V�N�R�J��
�R�G�Q�R�V�D�� �Y�R�G�R�V�W�D�M�D�� �L�� �S�U�R�W�R�N�D�� �Q�D�� �Q�H�N�R�P�� �U�L�M�H�þ�Q�R�P�� �S�U�R�I�L�O�X������ �1�D�L�P�H���� �D�N�R�� �M�H�� �X�V�S�R�U�� �S�U�L�V�X�W�D�Q�� �R�Q��
�U�H�P�H�W�L�� �I�X�Q�N�F�L�M�V�N�X�� �Y�H�]�X�� �Y�R�G�R�V�W�D�M�D�� �L�� �S�U�R�W�R�N�D���� �N�R�M�X�� �L�R�Q�D�N�R�� ���Y�H�ü���� �R�S�W�H�U�H�ü�X�M�X�� �P�R�U�I�R�O�R�ã�N�H��
�S�U�R�P�M�H�Q�H���N�R�U�L�W�D�����5�D�]�P�D�W�U�D�Q�M�H�P���S�U�R�V�M�H�þ�Q�L�K���L���P�L�Q�L�P�D�O�Q�L�K���Y�R�G�R�V�W�D�M�D���X�]�G�X�å���N�R�U�L�W�D�����W�H���V�D�P�R�J��
�G�Q�D�� �N�R�U�L�W�D���� �]�D�M�H�G�Q�R�� �V�� �P�D�N�V�L�P�D�O�Q�R�P�� �D�P�S�O�L�W�X�G�R�P�� �R�V�F�L�O�D�F�L�M�D�� �'�X�Q�D�Y�D�� �Q�D�� �Q�D�M�E�O�L�å�R�M�� �S�R�V�W�D�M�L��
���$�O�M�P�D�ã���� �X�R�þ�O�M�L�Y�R�� �M�H�� �G�D�� �N�R�W�D�� �P�D�N�V�L�P�D�O�Q�R�J�� �Y�R�G�R�V�W�D�M�D�� �N�R�G�� �$�O�M�P�D�ã�D�� �S�U�H�P�D�ã�X�M�H�� �V�U�H�G�Q�M�L��
�Y�R�G�R�V�W�D�M�� �N�R�G�� �%�H�O�L�ã�ü�D���� �D�O�L�� �L�� �N�R�W�X�� �G�Q�D�� �N�R�U�L�W�D�� �N�R�G�� �'���� �0�L�K�R�O�M�F�D��(Slika 7). To ukazuje da i 
�S�U�R�V�M�H�þ�Q�L�� �Y�R�G�R�V�W�D�M�L�� �'�X�Q�D�Y�D�� �X�W�M�H�þ�X�� �Q�D�� �Y�R�G�R�V�W�D�M�H�� �N�R�G�� �2�V�L�M�H�N�D���� �Q�D�G�S�U�R�V�M�H�þ�Q�L�� �L�P�D�M�X�� �X�W�M�H�F�D�M��
�N�R�G�� �%�H�O�L�ã�ü�D���� �D�� �N�R�G�� �Q�D�M�Y�L�ã�L�K�� �Y�R�G�R�V�W�D�M�D�� ���6�O�L�N�D��8) dunavski uspor ima �Q�H�ã�W�R�� �X�W�M�H�F�D�M�D��i na 
vodostaje kod D. Miholjca. 
 

 
 

Slika 7. �.�D�U�D�N�W�H�U�L�V�W�L�þ�Q�L���Y�R�G�R�V�W�D�M�L���'�X�Q�D�Y�D���L���'�U�D�Y�H���W�H���G�R�V�H�J���X�V�S�R�U�Q�R�J���X�W�M�H�F�D�M�D 
Figure 7. Characteristic water levels of the Danube and Drava and the backwater impact 
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Slika 8. �8�W�M�H�F�D�M���X�V�S�R�U�D���'�X�Q�D�Y�D���Q�D���Y�R�G�R�V�W�D�M�H���'�U�D�Y�H���Q�D���S�U�L�P�M�H�U�X���Y�R�G�Q�R�J���Y�D�O�D���X���S�U�R�O�M�H�ü�H������������ 
Figure 8. Impact of the Danube backwater rise on the Drava water levels, an example of water in spring 

2014 
 
 
�,�S�D�N���� �]�D�� �Y�H�O�L�N�X�� �Y�H�ü�L�Q�X�� �Y�R�G�R�V�W�D�M�D�� �S�R�V�W�D�M�D�� �%�H�O�L�ã�ü�H�� �P�R�å�H�� �S�R�V�O�X�å�L�W�L�� �]�D�� �G�H�I�L�Q�L�U�D�Q�M�H��
konsumpcijskog odnosa vodostaj-protok (pa je to tako najnizvodnija relevantna 
�S�R�V�W�D�M�D������ �.�R�G�� �Y�L�ã�L�K�� �L�� �Y�L�V�R�N�L�K�� �Y�R�G�R�V�W�D�M�D�� �X�S�U�R�V�M�H�þ�L�W�� �ü�H�� �V�H�� �Y�U�L�M�H�G�Q�R�V�W�L���� �D�O�L�� �M�H�� �S�R�W�U�H�E�D�Q��
oprez kod poj�H�G�L�Q�D�þ�Q�L�K�� �S�U�L�P�M�H�Q�D�� ���]�D�� �Q�H�N�L�� �R�G�U�H�ÿ�H�Q�L�� �Y�H�ü�L�� �Y�R�G�R�V�W�D�M�� �P�R�J�X�ü�� �M�H�� �Y�H�O�L�N��
raspon vrijednosti protoka, a rijetko mu odgovara ona koju daje  
konsumpcijska funkcija). 
�-�H�G�Q�D�� �R�G�� �R�V�Q�R�Y�Q�L�K�� �R�V�R�E�L�Q�D�� �U�L�M�H�N�H�� �M�H�� �Q�M�H�]�L�Q�� �J�R�G�L�ã�Q�M�L�� �K�R�G�� �S�U�R�P�M�H�Q�D�� ���U�H�å�L�P������ �8�� �R�Y�R�P��
�V�O�X�þ�D�M�X���U�H�å�L�P�� �G�R�Q�M�H �'�U�D�Y�H���P�R�J�X�ü�H���M�H���N�R�Q�V�W�D�W�L�U�D�W�L���S�R�P�R�ü�X�� �Y�R�G�R�V�W�D�M�D���Q�H�N�H���K�L�G�U�R�O�R�ã�N�H��
postaje (Slika 9). U blizini Dunava on je kombinacija utjecaja dvaju uzvodnih 
�V�O�L�Y�R�Y�D���� �1�H�ã�W�R���G�D�O�M�H�����R�G���'���� �0�L�K�R�O�M�F�D���� �R�F�U�W�D�Y�D�� �N�D�U�D�N�W�H�U�� �X�]�Y�R�G�Q�R�J�� �V�O�L�Y�D�� �'�U�D�Y�H���� �'�R�Q�M�D��
�'�U�D�Y�D���M�H���Q�D�M�Y�R�G�Q�L�M�D���X���S�U�R�O�M�H�ü�H����krajem svibnja i tijekom lipnja, a najmanje vode ima 
�]�L�P�L���L���W�R���X���V�L�M�H�þ�Q�M�X�����0�D�Q�M�H���S�R�Y�H�ü�D�Q�M�H���Y�R�G�Q�R�V�W�L���M�D�Y�O�M�D���V�H���W�L�M�H�N�R�P���V�W�X�G�H�Q�R�J�����(�N�V�W�U�H�P�Q�H��
�Y�H�O�L�N�H���Y�R�G�H���Q�D�M�þ�H�ã�ü�H���V�H���M�D�Y�O�M�D�M�X���X���U�D�]�G�R�E�O�M�X���O�L�S�D�Q�M-listopad, ali velike vode pojavljuju 
�V�H���L���ã�L�U�H���X���S�U�R�O�M�H�ü�H���L���M�H�V�H�Q�� 
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Slika 9. �3�U�R�P�M�H�Q�H���J�R�G�L�ã�Q�M�H�J���K�R�G�D���Y�R�G�R�V�W�D�M�D���'�U�D�Y�H���N�R�G���'�R�Q�M�H�J���0�L�K�R�O�M�F�D���N�U�R�]���W�U�L���S�H�U�L�R�G�D 
Figure 9. Changes in the annual water level regime of the Drava River, Donji Miholjac station,  

over three periods 
 
 
�'�X�J�D�þ�D�N�� �Q�L�]�� �S�R�G�D�W�D�N�D���� �X�� �R�Y�R�P�� �V�O�X�þ�D�M�X�� �R�� �Y�R�G�R�V�W�D�M�L�P�D���� �R�P�R�J�X�ü�X�M�H�� �V�D�J�O�H�G�D�Y�D�Q�M�H�� �J�O�R�E�D�O�Q�L�K��
promjena i njihovih �S�H�U�L�R�G�L�þ�Q�L�K�� �F�L�N�O�X�V�D�� ���6�O�L�N�D�� ��0). Preko 100-�J�R�G�L�ã�Q�M�L�� �Q�L�]�� �G�Q�H�Y�Q�L�K�� �S�R�G�D�W�D�N�D��
���Y�R�G�R�V�W�D�M�L���'�U�D�Y�H���N�R�G���'�����0�L�K�R�O�M�F�D�������R�V�L�P���O�D�N�ã�H���S�U�L�P�M�H�W�Q�L�K���J�R�G�L�ã�Q�M�L�K���F�L�N�O�X�V�D���X�N�D�]uje i na neke 10-
�J�R�G�L�ã�Q�M�H���W�H������-�J�R�G�L�ã�Q�M�H���F�L�N�O�X�V�H�������0�D�U�L�þ�L�ü���L���G�U�X�J�L�������������������3�U�H�P�D���R�Y�D�N�R���X�R�þ�H�Q�L�P���U�D�]�G�R�E�O�M�L�P�D���P�R�J�X��
�V�H�� �S�U�R�P�D�W�U�D�W�L�� �L�� �N�D�U�D�N�W�H�U�L�V�W�L�þ�Q�L�� ���P�L�Q�L�P�D�O�Q�L���� �V�U�H�G�Q�M�L���� �P�D�N�V�L�P�D�O�Q�L���� �Y�R�G�R�V�W�D�M�L�� �W�H�� �R�G�U�H�G�L�W�L�� �Q�M�L�K�R�Y�L��
trendovi promjena (Slike 11 i 12�������8�R�þ�O�M�L�Y�R���M�H�����Y�R�G�R�V�W�D�M�L���G�R�Q�M�H���'�U�D�Y�H���Y�U�H�P�H�Q�R�P���S�R�V�W�D�M�X���V�Y�H���Q�L�å�L����
�6�U�H�G�Q�M�L�� �J�R�G�L�ã�Q�M�L�� �Y�R�G�R�V�W�D�M�L�� �V�H�� �V�P�D�Q�M�X�M�X���S�U�R�V�M�H�þ�Q�R�� �������� �F�P���J�R�G���� �D�� �P�L�Q�L�P�D�O�Q�L�� �������� �F�P���J�R�G���� �D�O�L��
�S�U�R�P�D�W�U�D�Q�M�H�P���S�R���N�U�D�ü�L�P���U�D�]�G�R�E�O�M�L�P�D���E�L�O�R���M�H���L���H�W�D�S�D���Q�M�L�K�R�Y�R�J���S�R�U�D�V�W�D��������������-'70.). 
 

 
 

Slika 10. �3�H�U�L�R�G�L�þ�Q�R�V�W���Y�R�G�R�V�W�D�M�D���'�U�D�Y�H���N�R�G���'�R�Q�M�H�J���0�L�K�R�O�M�F�D 
Figure 10. Periodicity of the Drava River water level near Donji Miholjac 
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Slika 11. �3�U�R�V�M�H�þ�Q�H���Y�U�L�M�H�G�Q�R�V�W�L���S�R�M�H�G�L�Q�L�K���X�R�þ�H�Q�L�K���F�L�N�O�L�þ�N�L�K���U�D�]�G�R�E�O�M�D���G�R�Q�M�H���'�U�D�Y�H 
Figure 11. Average values of some observed cyclic periods of the lower Drava 

 
 

 
 

Slika 12. 120-�J�R�G�L�ã�Q�M�H���S�U�R�P�M�H�Q�H���N�D�U�D�N�W�H�U�L�V�W�L�þ�Q�L�K���J�R�G�L�ã�Q�M�L�K���Y�R�G�R�V�W�D�M�D���'�U�D�Y�H���N�R�G���'�R�Q�M�H�J���0�L�K�R�O�M�F�D 
Figure 12. Changes of the characteristic annual water levels of the Drava near Donji Miholjac in 

period of 120 years 
 
 
Vodostaji u svakodnevici - Osim za spoznavanje osobina rijeke kao geografskog elementa, 
�D�å�X�U�Q�R�� �U�H�J�L�V�W�U�L�U�D�Q�L�� �Y�R�G�R�V�W�D�M�L�� �L�Q�G�L�N�D�W�R�U�� �V�X�� �R�S�D�V�Q�R�V�W�L�� �R�G�� �S�R�S�O�D�Y�D�� �L�� �R�J�U�D�Q�L�þ�H�Q�M�D�� �]�D�� �S�O�R�Y�L�G�E�X�� 
(Slika 13������ �3�U�R�S�L�V�D�Q�H�� �V�X�� �L�� �R�U�J�D�Q�L�]�L�U�D�Q�H�� �U�D�]�O�L�þ�L�W�H�� �P�M�H�U�H�� �L�� �D�N�W�L�Y�Q�R�V�W�L�� ���S�U�H�Y�H�Q�W�L�Y�H���� �R�W�N�O�D�Q�M�D�Q�M�D��



8th International Conference WATER FOR ALL 
21-22 March 2019 
Osijek, Croatia 

Zbornik radova  / Proceedings 
Upravljanje vodnim resursima / Water resources managment 

 

72 

nedostataka i poduzimanja �]�D�K�Y�D�W�D���� �]�D�� �]�D�ã�W�L�W�X�� �R�G�� �S�R�S�O�D�Y�D���� �S�U�L�� �þ�H�P�X�� �V�H�� �N�R�U�L�V�W�H�� �X�W�Y�U�ÿ�H�Q�L��
mjerodavni vodostaji za pojedine dionice ri�M�H�N�H�����3�U�L���N�R�U�L�ã�W�H�Q�M�X���U�L�M�H�N�H���]�D���S�O�R�Y�Q�L���S�X�W���W�D�N�R�ÿ�H�U���V�H��
�S�U�L�P�M�H�Q�M�X�M�X���R�G�J�R�Y�D�U�D�M�X�ü�L���P�M�H�U�R�G�D�Y�Q�L���Y�R�G�R�V�W�D�M�L���]�D���U�D�]�Q�D���R�J�U�D�Q�L�þ�H�Q�M�D���X���F�L�O�M�X���V�L�J�X�U�Q�R�V�W�L���S�O�R�Y�L�G�E�H�� 
 

 

 
 

Slika 13. Primjeri primjene podataka o vodostajima u stalnim vodnogospodarskim aktivnostima 
���+�X�V�D�U�L�ü���L���G�U�X�J�L�������������������X�U�R�N�R�Y�L�ü�����������������$�]�9�3�� 

Figure 13. Examples of application of water level data in permanent water management activities 
���+�X�V�D�U�L�ü���H�W���D�O���������������������X�U�R�N�R�Y�L�ü�����������������$�]�9�3�� 
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�=�D�N�O�M�X�þ�D�N 
 

�1�D���]�Q�D�þ�D�M���L���S�U�D�N�V�X���K�L�G�U�R�O�R�J�L�M�H�����N�D�R���Y�U�O�R���Y�D�å�Q�H���O�M�X�G�V�N�H���G�M�H�O�D�W�Q�R�V�W�L�����P�R�å�H���V�H���X�N�D�]�D�W�L���Q�D���Q�H�N�R�P��
�O�R�N�D�O�Q�R�P���S�U�L�P�M�H�U�X�����ã�W�R���M�H���X���R�Y�R�P���U�D�G�X���L���Q�D�S�U�D�Y�O�M�H�Q�R���S�R�P�R�ü�X���M�H�G�Q�R�J���R�G���R�V�Q�R�Y�Q�L�K���K�L�G�U�R�O�R�ã�N�L�K��
parametara - vodostaja. Kroz, dijelom �S�U�L�N�D�]�D�Q�R���� �S�U�D�ü�H�Q�M�H�� �L�� �L�]�X�þ�D�Y�D�Q�M�H�� �Y�R�G�R�V�W�D�M�D�� �X�S�R�]�Q�D�W�� �M�H��
�N�D�U�D�N�W�H�U���G�R�Q�M�H���'�U�D�Y�H���L���Q�M�H�]�L�Q���P�H�ÿ�X�R�G�Q�R�V���V���'�X�Q�D�Y�R�P�����6�X�Y�U�H�P�H�Q�L���å�L�Y�R�W���S�R�G�U�D�]�X�P�L�M�H�Y�D���V�W�D�O�Q�R��
�S�U�D�ü�H�Q�M�H���V�W�D�Q�M�D���Y�R�G�R�V�W�D�M�D�����S�R�Y�U�H�P�H�Q�H���D�Q�D�O�L�]�H���Q�M�L�K�R�Y�L�K���S�U�R�P�M�H�Q�D���L���S�U�L�O�D�J�R�ÿ�D�Y�D�Q�M�H���P�M�H�U�R�G�D�Y�Q�L�K��
vrijednosti (indikator�D���R�J�U�D�Q�L�þ�H�Q�M�D���S�O�R�Y�L�G�E�H���L���L�O�L���R�S�D�V�Q�R�V�W�L���W�H���D�N�W�L�Y�Q�R�V�W�L���N�R�G���S�R�S�O�D�Y�D�������2�V�L�P���ã�W�R��
�V�X���S�U�H�G�V�W�D�Y�L�O�H���P�R�J�X�ü�Q�R�V�W�L���L���G�R�V�D�J�H���K�L�G�U�R�O�R�J�L�M�H�����R�Y�G�M�H���L�]�O�R�å�H�Q�H���K�L�G�U�R�O�R�ã�N�H���D�Q�D�O�L�]�H���S�R�N�D�]�D�O�H���V�X��
�N�D�N�R�� �V�H�� �P�L�M�H�Q�M�D�� �G�R�Q�M�D�� �'�U�D�Y�D���� �5�H�]�X�O�W�D�W�L�� ���V�P�D�Q�M�H�Q�M�H�� �Y�U�L�M�H�G�Q�R�V�W�L�� �N�D�U�D�N�W�H�U�L�V�W�L�þ�Q�L�K�� �Y�R�G�R�V�W�Dja 
�W�L�M�H�N�R�P�� �Y�U�H�P�H�Q�D���� �X�N�D�]�X�M�X�� �Q�D�� �S�U�R�G�X�E�O�M�H�Q�M�H�� �N�R�U�L�W�D�� �'�U�D�Y�H�� �W�L�M�H�N�R�P�� �U�D�]�P�D�W�U�D�Q�R�J�� �G�X�J�R�J�R�G�L�ã�Q�M�H�J��
�U�D�]�G�R�E�O�M�D�����3�U�L�P�M�H�W�Q�R���M�H�����L�]���V�X�N�F�H�V�L�Y�Q�L�K���S�U�L�N�D�]�D�� �J�R�G�L�ã�Q�M�H�J���K�R�G�D���Y�R�G�R�V�W�D�M�D�����U�D�Q�L�M�H���S�R�M�D�Y�O�M�L�Y�D�Q�M�H��
�Y�L�ã�L�K���Y�R�G�R�V�W�D�M�D���N�D�R���L���Y�H�ü�D���U�D�V�S�U�ã�H�Q�R�V�W���S�R�M�D�Y�O�M�L�Y�D�Q�M�D���P�D�N�V�L�P�D�O�Q�L�K���Y�U�L�M�H�G�Q�R�V�W�L�����2�E�M�D�ã�Q�M�H�Q�M�D���]�D���W�R��
�P�R�J�X�� �V�H�� �W�U�D�å�L�W�L�� �X�� �S�U�R�P�M�H�Q�D�P�D�� �N�O�L�P�H�� �L�� �O�M�X�G�V�N�L�P�� �D�N�W�L�Y�Q�R�V�W�L�P�D�� �Q�D�� �V�O�L�Y�X�� ���X�U�E�D�Q�L�]�D�F�L�M�D���� �U�L�M�H�þ�Q�H��
�U�H�J�X�O�D�F�L�M�H�� �W�H�� �U�D�]�Q�L�� �Y�L�G�R�Y�L�� �N�R�U�L�ã�W�H�Q�M�D�� �U�L�M�H�N�H���± �S�U�R�L�]�Y�R�G�Q�M�D�� �H�O�H�N�W�U�L�þ�Q�H�� �H�Q�H�U�J�L�M�H���� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�R��
�Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H���L���G�U�X�J�R�������3�U�L�P�M�H�ü�H�Q�H���S�U�R�P�M�H�Q�H���W�U�H�E�D�M�X���X�V�P�M�H�U�L�W�L���G�U�X�ã�W�Y�R���Q�D���S�U�L�O�D�J�R�G�E�H�����D���W�R���M�H��
�Y�U�O�R���V�O�R�å�H�Q���S�U�R�F�H�V�����D�O�L���Q�H�L�]�E�M�H�å�D�Q�� 
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ABOUT HYDROLOGY TROUGH RESARCH  
OF LOWER DRAVA WATER LEVELS  

UDC: 556.535(282.24 Drava) 

�6�L�Q�L�ã�D���0�D�U�L�þ�L�ü 
 
Josip Juraj Strossmayer University of Osijek, Faculty of Civil Engineering Osijek, Vladimira 
Preloga 3, 31000 Osijek, Croatia 

professional paper 
Summary 

 
This paper presents several examples of water levels research that point to important elements of 
hydrological observation and significant characteristics of the lower Drava. Something downstream 
from Osijek Drava flows into the Danube. Continuous water levels monitoring in the area of these 
rivers is relatively long, dating back from the late 19th century. For example, a review of 
hydrological station D. Miholjac was givend, which was established in 1890, but not all original 
water data are equivalent to each other. It points to the need for good preparation (alignment) of 
data to increase the reliability of the further analysis. Due to the small falls in the area, the most 
downstream hydrological stations of the river Drava are under subdued influence waters river 
Danube. It is illustrated by the water levels change curves over several years. Due to the maximum 
oscillation of the Danube of over 8.5 m, the backwater sometimes reaches to D. Miholjac. Water 
levels changes show a periodic repetition. Examples from the vicinity of Osijek are the average 
annual water regime and some deviations from it and the periodic changes of the annual water 
regime in a few variants. Throughout, partly shown, monitoring and studying water levels, the 
character of the lower Drava and its relationship with the Danube are known. The analyzes indicate 
the deepening of the Drava riverbed during the considered long-term period. The earlier occurrence 
of higher water levels and higher dispersion of the occurrence of maximum values are noticed. 
 
Keywords: water levels, lower Drava, backwater, water regime 
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�V�W�U�X�þ�Q�L���U�D�G 
S�D�å�H�W�D�N 

 
Obrana od poplava, regulacija vodotoka i melioracijski zahvati na vodnom �S�R�G�U�X�þ�M�X�� �V�O�L�Y�D�� �'�U�D�Y�H�� �L��
�'�X�Q�D�Y�D�� �L�P�D�M�X�� �G�X�J�X�� �L�� �E�R�J�D�W�X�� �W�U�D�G�L�F�L�M�X�� �]�D�K�Y�D�O�M�X�M�X�ü�L�� �þ�L�Q�M�H�Q�L�F�L�� �G�D�� �E�R�U�E�D�� �þ�R�Y�M�H�N�D�� �Q�D�� �R�Y�L�P�� �S�U�R�V�W�R�U�L�P�D��
�W�U�D�M�H�� �V�W�R�O�M�H�ü�L�P�D�� �N�D�N�R�� �E�L�� �V�H�� �S�O�R�G�Q�D�� �Q�L�]�L�Q�V�N�D�� �S�R�G�U�X�þ�M�D�� �]�D�ã�W�L�W�L�O�D�� �R�G�� �E�U�G�V�N�L�K�� �Y�R�G�D��Krndije, Papuka i 
�%�L�O�R�J�R�U�H���V���M�H�G�Q�H���L���Y�H�O�L�N�L�K���Y�R�G�D���0�X�U�H�����'�U�D�Y�H���L���'�X�Q�D�Y�D���V���G�U�X�J�H���V�W�U�D�Q�H�����3�R�þ�H�F�L���R�U�J�D�Q�L�]�L�U�D�Q�R�J���Y�R�G�Q�R�J��
�J�R�V�S�R�G�D�U�V�W�Y�D�� �X�� �+�U�Y�D�W�V�N�R�M�� �X�S�U�D�Y�R�� �Y�H�]�D�Q�L�� �]�D�� �R�Y�H�� �S�U�R�V�W�R�U�H�� �R�V�Q�L�Y�D�Q�M�H�P�� �©�'�U�X�ã�W�Y�D�� �]�D�� �U�H�J�X�O�D�F�L�M�X�� �U�L�H�N�H��
�9�X�N�H�ª�� ������������ �J�R�G�L�Q�H�� �Q�D�� �þ�H�O�X�� �V�� �E�L�V�N�X�S�R�P�� �-���� �-���� �6�Wossmayerom. Izgradnja prvih dunavskih nasipa 
�G�D�W�L�U�D���M�R�ã���R�G�����������V�W�R�O�M�H�ü�D���V���F�L�O�M�H�P���]�D�ã�W�L�W�H���Q�L�]�L�Q�V�N�R�J���G�L�M�H�O�D���%�D�U�D�Q�M�H���R�G���0�R�K�D�þ�D���G�R���'�U�D�å�D�����1�H�S�R�Y�R�O�M�Q�H��
�P�H�W�H�R�U�R�O�R�ã�N�H���S�U�L�O�L�N�H���L���Q�D�V�L�S�L���Q�H�R�G�J�R�Y�D�U�D�M�X�ü�L�K���G�L�P�H�Q�]�L�M�D���Q�D���Y�R�G�Q�R�P���S�R�G�U�X�þ�M�X���'�X�Q�D�Y�D���U�H�]�X�O�W�L�U�D�O�L���V�X��
pojavom katastrofalnih poplava u 1964., 1965., 1966. i 1972. godini. Poslije ovih poplava, a 
�Q�D�U�R�þ�L�W�R�� �S�R�V�O�L�M�H�� �S�R�S�O�D�Y�H�� ������������ �J�R�G�L�Q�H���� �G�R�O�D�]�L�� �G�R�� �]�Q�D�þ�D�M�Q�L�K�� �X�O�D�J�D�Q�M�D�� �V�U�H�G�V�W�D�Y�D�� �L�� �L�Q�W�H�Q�]�L�Y�L�U�D�Q�M�D��
�L�]�J�U�D�G�Q�M�H�� �Q�R�Y�L�K�� �Q�D�V�L�S�D�� �L�� �U�H�N�R�Q�V�W�U�X�N�F�L�M�D�� �S�R�V�W�R�M�H�ü�L�K�� �X�� �F�L�O�M�X�� �]�D�ã�W�L�W�H�� �X�J�U�R�å�H�Q�L�K�� �S�R�G�U�X�þ�M�D���� �W�D�N�R�� �G�D�� �M�H��
�G�D�Q�D�V���Y�H�ü�L�Q�D���Q�D�V�L�S�D���M�D�þ�D���L���Y�L�ã�D�����V���Y�H�ü�L�P���V�W�X�S�Q�M�H�P���V�L�J�X�U�Q�R�V�W�L���]�D���R�E�U�D�Q�X���R�G���S�R�S�O�D�Y�D�� 
 
�.�O�M�X�þ�Q�H���U�L�M�H�þ�L�� obrana od poplava, Dunav, Drava, Osijek, Hrvatska 
 
Uvod 
 
Operativno upravljanje rizicima od poplava i neposredna provedba mjera obrane od poplava 
�X�W�Y�U�ÿ�H�Q�R���M�H���'�U�å�D�Y�Q�L�P���S�O�D�Q�R�P���R�E�U�D�Q�H���R�G���S�R�S�O�D�Y�D���±donosi ga Vlada RH, Glavnim provedbenim 
planom obrane od poplava �± �G�R�Q�R�V�H���J�D���+�U�Y�D�W�V�N�H���Y�R�G�H�����6�Y�L���W�H�K�Q�L�þ�N�L���L���R�V�W�D�O�L���H�O�H�P�H�Q�W�L���S�R�W�U�H�E�Q�L���]�D��
�X�S�U�D�Y�O�M�D�Q�M�H�� �U�H�G�R�Y�Q�R�P�� �L�� �L�]�Y�D�Q�U�H�G�Q�R�P�� �R�E�U�D�Q�R�P�� �R�G�� �S�R�S�O�D�Y�D�� �X�W�Y�U�ÿ�X�M�X�� �V�H�� �*�Oavnim provedbenim 
�S�O�D�Q�R�P���R�E�U�D�Q�H���R�G���S�R�S�O�D�Y�D���L���S�U�R�Y�H�G�E�H�Q�L�P���S�O�D�Q�R�Y�L�P�D���R�E�U�D�Q�H���R�G���S�R�S�O�D�Y�D���E�U�D�Q�M�H�Q�L�K���S�R�G�U�X�þ�M�D�����6�Y�L��
�R�Y�L���S�O�D�Q�R�Y�L���M�D�Y�Q�R���V�X���G�R�V�W�X�S�Q�L���Q�D���L�Q�W�H�U�Q�H�W�V�N�L�P���V�W�U�D�Q�L�F�D�P�D���+�U�Y�D�W�V�N�L�K���Y�R�G�D�����'�U�å�D�Y�Q�L���S�O�D�Q���R�E�U�D�Q�H���R�G��
�S�R�S�O�D�Y�D���X�U�H�ÿ�X�M�H�����W�H�U�L�W�R�U�L�M�D�O�Q�H���M�H�G�L�Q�L�F�H���]�D���R�E�U�D�Q�X���Rd poplava, stupnjeve obrane od poplava, mjere 
�R�E�U�D�Q�H�� �R�G�� �S�R�S�O�D�Y�D�� ���X�N�O�M�X�þ�L�Y�R�� �L�� �S�U�H�Y�H�Q�W�L�Y�Q�H�� �P�M�H�U�H������ �Q�R�V�L�W�H�O�M�H�� �R�E�U�D�Q�H�� �R�G�� �S�R�S�O�D�Y�D���� �X�S�U�D�Y�O�M�D�Q�M�H��
�R�E�U�D�Q�R�P�� �R�G�� �S�R�S�O�D�Y�D�� ���V�� �R�E�Y�H�]�D�P�D�� �L�� �S�U�D�Y�L�P�D�� �U�X�N�R�Y�R�G�L�W�H�O�M�D�� �R�E�U�D�Q�H�� �R�G�� �S�R�S�O�D�Y�D������ �V�D�G�U�å�D�M��
provedbenih planova obrane od popla�Y�D���V�X�V�W�D�Y���]�D���R�E�D�Y�M�H�ã�ü�L�Y�D�Q�M�H���L���X�S�R�]�R�U�D�Y�D�Q�M�H���L���V�X�V�W�D�Y���Y�H�]�D����
�P�M�H�U�H�� �]�D�� �R�E�U�D�Q�X�� �R�G�� �O�H�G�D�� �Q�D�� �Y�R�G�R�W�R�F�L�P�D���� �*�O�D�Y�Q�L�� �S�U�R�Y�H�G�E�H�Q�L�� �S�O�D�Q�� �R�E�U�D�Q�H�� �R�G�� �S�R�S�O�D�Y�D�� �V�D�G�U�å�L��
�S�U�H�J�O�H�G���W�H�U�L�W�R�U�L�M�D�O�Q�L�K�� �M�H�G�L�Q�L�F�D�� �]�D�� �L�]�U�D�Y�Q�X�� �S�U�R�Y�H�G�E�X�� �P�M�H�U�D�� �R�E�U�D�Q�H���R�G�� �S�R�S�O�D�Y�D�����X�N�O�M�X�þ�X�M�X�ü�L�� �E�U�R�M���L��
oznaku dionica �L�� �G�U�X�J�H�� �S�R�W�U�H�E�Q�H�� �S�R�G�D�W�N�H���� �S�R�� �E�U�D�Q�M�H�Q�L�P�� �S�R�G�U�X�þ�M�L�P�D�� �V�H�N�W�R�U�D�� �L�� �S�U�L�S�D�G�D�M�X�ü�L�K��
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�]�D�ã�W�L�W�Q�L�K���Y�R�G�Q�L�K���J�U�D�ÿ�H�Y�L�Q�D���Q�D���N�R�M�L�P�D���V�H���S�U�R�Y�R�G�H���P�M�H�U�H���R�E�U�D�Q�H���R�G���S�R�S�O�D�Y�D�����R�G�Q�R�V�Q�R���P�M�H�U�H���R�E�U�D�Q�H��
�R�G�� �O�H�G�D�� �Q�D�� �Y�R�G�R�W�R�F�L�P�D���� �Y�R�G�R�V�W�D�M�H�� �S�U�L�� �N�R�M�L�P�D�� �Q�D�� �S�R�M�H�G�L�Q�R�M�� �G�L�R�Q�L�F�L�� �S�R�þ�L�Q�M�H�� �S�U�L�S�U�H�P�Q�R�� �V�W�D�Q�M�H, 
redovna odnosno izvanredna obrana od poplava i izvanredno stanje, kriterije obrane od leda na 
vodotocima, raspored rukovoditelja obrane od poplava i njihovih zamjenika iz Hrvatskih voda, te 
pravnih osoba i njihovih rukovoditelja i zamjenika registriranih �]�D���S�U�R�Y�R�ÿ�H�Q�M�H���R�E�U�D�Q�H���R�G���S�R�S�O�D�Y�D����
odnosno obranu od leda na vodotocima, kao i raspored rukovoditelja obrane od poplava iz 
�S�U�D�Y�Q�L�K���R�V�R�E�D���N�R�M�H���X�S�U�D�Y�O�M�D�M�X���E�U�D�Q�D�P�D���L���D�N�X�P�X�O�D�F�L�M�D�P�D�����2�E�Y�H�]�H���'�U�å�D�Y�Q�R�J���K�L�G�U�R�P�H�W�H�R�U�R�O�R�ã�N�R�J��
zavoda u prikupljanju i dostavljanju podatak�D���� �S�U�R�J�Q�R�]�D�� �L�� �X�S�R�]�R�U�H�Q�M�D�� �R�� �K�L�G�U�R�P�H�W�H�R�U�R�O�R�ã�N�L�P��
�S�R�M�D�Y�D�P�D���R�G���]�Q�D�þ�H�Q�M�D���]�D���R�E�U�D�Q�X���R�G���S�R�S�O�D�Y�D�����X�S�X�W�H���]�D���L�]�U�D�G�X���L�]�Y�M�H�ã�W�D�M�D���R���S�U�R�Y�H�G�H�Q�L�P���P�M�H�U�D�P�D��
�R�E�U�D�Q�H���R�G���S�R�S�O�D�Y�D�����N�D�U�W�R�J�U�D�I�V�N�L���S�U�L�N�D�]���J�U�D�Q�L�F�D���E�U�D�Q�M�H�Q�L�K���S�R�G�U�X�þ�M�D�� 
Obrana od poplava provodi se na teritorijalnim jedinicama za obranu od poplava - vodnim 
�S�R�G�U�X�þ�M�L�P�D���� �V�H�N�W�R�U�L�P�D���� �E�U�D�Q�M�H�Q�L�P�� �S�R�G�U�X�þ�M�L�P�D�� �L�� �G�L�R�Q�L�F�D�P�D���� �5�H�S�X�E�O�L�N�D�� �+�U�Y�D�W�V�N�D�� �M�H�� �Q�D�� �W�D�M��
�Q�D�þ�L�Q���S�R�G�L�M�H�O�M�H�Q�D�� �Q�D�� ���� �Y�R�G�Q�D�� �S�R�G�U�X�þ�M�D���� ���� �V�H�N�W�R�U�D�� �L�� ������ �E�U�D�Q�M�H�Q�D�� �S�R�G�U�X�þ�M�D���� �*�U�D�Q�L�F�H�� �Y�R�G�Q�L�K��
�S�R�G�U�X�þ�M�D���� �V�H�N�W�R�U�D�� �L�� �E�U�D�Q�M�H�Q�L�K�� �S�R�G�U�X�þ�M�D�� �R�G�U�H�ÿ�H�Qe su Zakonom o vodama, dok se broj i 
�R�]�Q�D�N�D���S�R�M�H�G�L�Q�H���G�L�R�Q�L�F�H���X�W�Y�U�ÿ�X�M�H���*�O�D�Y�Q�L�P���S�U�R�Y�H�G�E�H�Q�L�P���S�O�D�Q�R�P���R�E�U�D�Q�H���R�G���S�R�S�O�D�Y�D�� 
�'�L�R�Q�L�F�H���V�X���Q�D�M�Q�L�å�H���W�H�U�L�W�R�U�L�M�D�O�Q�H���M�H�G�L�Q�L�F�H���X�Q�X�W�D�U���E�U�D�Q�M�H�Q�L�K���S�R�G�U�X�þ�M�D�����Q�D���N�R�M�L�P�D���V�H���N�R�G���S�R�M�D�Y�H��
opasnosti od poplava prate stanja i izravno pro�Y�R�G�L���R�E�U�D�Q�D���R�G���S�R�S�O�D�Y�D���Q�D���]�D�ã�W�L�W�Q�L�P���Y�R�G�Q�L�P��
�J�U�D�ÿ�H�Y�L�Q�D�P�D�����2�E�U�D�Q�D���R�G���S�R�S�O�D�Y�D���P�R�å�H���E�L�W�L���S�U�H�Y�H�Q�W�L�Y�Q�D�����U�H�G�R�Y�Q�D���L���L�]�Y�D�Q�U�H�G�Q�D�� 
 

 
 

Slika 1. Stupnjevi obrane od poplava 
Figure 1. Flood defense stages 
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�3�U�H�Y�H�Q�W�L�Y�Q�X�� �R�E�U�D�Q�X�� �R�G�� �S�R�S�O�D�Y�D�� �þ�L�Q�H�� �U�D�G�R�Y�L�� �U�H�G�R�Y�Q�R�J�� �R�G�U�å�D�Y�D�Q�M�D���Y�R�G�D�� �L�� �]�D�ã�W�L�W�Q�L�K�� �Y�R�G�Q�L�K��
�J�U�D�ÿ�H�Y�L�Q�D�� �X�� �F�L�O�M�X�� �V�P�D�Q�M�H�Q�M�D�� �U�L�]�L�N�D�� �R�G�� �S�R�M�D�Y�H�� �S�R�S�O�D�Y�D���� �5�H�G�R�Y�Q�X�� �L�� �L�]�Y�D�Q�U�H�G�Q�X�� �R�E�U�D�Q�X�� �R�G��
�S�R�S�O�D�Y�D�� �þ�L�Q�H�� �P�M�H�U�H�� �N�R�M�H�� �V�H�� �S�R�G�X�]�L�P�D�M�X�� �Q�H�S�R�V�U�H�G�Q�R�� �S�U�H�G�� �S�R�M�D�Y�X�� �R�S�D�V�Q�R�V�W�L�� �R�G�� �S�O�D�Y�O�M�H�Q�M�D����
tijekom trajanja opasnosti i neposredno nakon prestanka te opasnosti, sa ciljem smanjenja 
�P�R�J�X�ü�L�K���ã�W�H�W�D���R�G���S�R�S�O�D�Y�D�� 
 
Neposredne mjere redovne i izvanredne obrane od poplava su: 
�x �L�]�U�D�G�D���S�U�R�J�Q�R�]�D���Y�H�O�L�þ�L�Q�H���L���Y�U�H�P�H�Q�D���Q�D�L�O�D�V�N�D���Y�R�G�Q�R�J���Y�D�O�D 
�x �X�þ�H�V�W�D�O�L�� �S�U�H�J�O�H�G�L�� �V�W�D�Q�M�D�� �L�V�S�U�D�Y�Q�R�V�W�L�� �U�H�J�X�O�D�F�L�M�V�N�L�K�� �L�� �]�D�ã�W�L�W�Q�L�K�� �Y�R�G�Q�L�K�� �J�U�D�ÿ�H�Y�L�Q�D�� �L��

�J�U�D�ÿ�H�Y�L�Q�D�� �]�D�� �R�V�Q�R�Y�Q�X�� �P�H�O�L�R�U�D�F�L�M�V�N�X�� �R�G�Y�R�G�Q�M�X�� �R�G�� �Y�U�H�P�H�Q�D�� �S�U�R�J�O�D�ã�H�Q�M�D�� �S�U�L�S�U�H�P�Q�R�J��
stanja obrane od poplava do njenog opoziva 

�x �S�U�R�Y�H�G�E�D���S�R�W�U�H�E�Q�L�K�� �P�M�H�U�D���L�� �U�D�G�Q�M�L�� �Q�D�� �U�H�J�X�O�D�F�L�M�V�N�L�P�� �L�� �]�D�ã�W�L�W�Q�L�P�� �Y�R�G�Q�L�P�� �J�U�D�ÿ�H�Y�L�Q�D�P�D����
�W�H�� �J�U�D�ÿ�H�Y�L�Q�D�P�D�� �R�V�Q�R�Y�Q�H���� �D�� �S�R�� �S�R�W�U�H�E�L�� �L�� �G�H�W�D�O�M�Q�H�� �P�H�O�Loracijske odvodnje koje mogu 
�S�R�V�O�X�å�L�W�L���S�U�L�K�Y�D�W�X���L���H�Y�D�N�X�D�F�L�M�L���Y�H�O�L�N�L�K���Y�R�G�D 

�x otklanjanje uzroka koji ometaju protok voda koritom vodotoka 
�x �V�W�D�Y�O�M�D�Q�M�H�� �X�� �I�X�Q�N�F�L�M�X�� �L�]�J�U�D�ÿ�H�Q�L�K�� �R�E�M�H�N�D�W�D�� �]�D�� �U�D�V�W�H�U�H�ü�H�Q�M�H�� �Y�H�O�L�N�L�K�� �Y�R�G�D�� ���R�W�H�U�H�W�Q�L�K��

kanala, retencija, akumulacija s retencijskim prostorom za prihvat velikih voda, 
�X�V�W�D�Y�D�����S�U�H�O�M�H�Y�D�����R�G�Y�R�G�Q�L�K���W�X�Q�H�O�D���L���V�O�L�þ�Q�R���� 

 
�=�D�� �X�þ�L�Q�N�R�Y�L�W�X�� �R�E�U�D�Q�X�� �R�G�� �S�R�S�O�D�Y�D�� �Q�H�R�S�K�R�G�Q�D�� �M�H�� �V�X�U�D�G�Q�M�D�� �V�Y�L�K�� �Q�D�G�O�H�å�Q�L�K�� �W�L�M�H�O�D�� �X�� �V�X�V�W�D�Y�X��
�]�D�ã�W�L�W�H���L���V�S�D�ã�D�Y�D�Q�M�D�����X�N�O�M�X�þ�X�M�X�ü�L���L���M�H�G�L�Q�L�F�H���O�R�N�D�O�Q�H���L���S�R�G�U�X�þ�Q�H (regionalne) samouprave, te 
�'�U�å�D�Y�Q�X���X�S�U�D�Y�X���]�D���]�D�ã�W�L�W�X���L���V�S�D�ã�D�Y�D�Q�M�H���N�R�M�D���M�H���Q�R�V�L�W�H�O�M���W�H�P�H�O�M�Q�L�K���R�Y�O�D�V�W�L���Q�D���S�R�G�U�X�þ�M�X���]�D�ã�W�L�W�H��
�R�G���N�D�W�D�V�W�U�R�I�D���L���Y�H�O�L�N�L�K���Q�H�V�U�H�ü�D�����X�N�O�M�X�þ�X�M�X�ü�L���L���R�Q�H���X�V�O�L�M�H�G���S�R�S�O�D�Y�H�� 
 
Povijest poplava Drave i Dunava u RH 
 
�1�H�S�R�Y�R�O�M�Q�H���P�H�W�H�R�U�R�O�R�ã�N�H���S�U�L�O�L�N�H���L���Q�D�V�L�S�L���Q�H�R�G�J�R�Y�D�U�D�M�X�ü�L�K���G�L�P�H�Q�]�L�M�D���Q�D���Y�R�G�Q�R�P���S�R�G�U�X�þ�M�X��
Dunava rezultirali su pojavom katastrofalnih poplava u 1964., 1965., 1966. i 1972. godini. 
�.�U�R�Q�R�O�R�J�L�M�D���G�R�J�D�ÿ�D�Q�M�D���Y�H�]�D�Q�L�K���X�]���N�D�W�D�V�W�U�R�I�D�O�Q�X���S�R�S�O�D�Y�X���L�]���������������J�R�G�L�Q�H���S�R�þ�L�Q�M�H���V�U�H�G�L�Q�R�P��
svibnja s vijestima europskih novinskih agencija o naglom porastu vodostaja Dunava u 
�J�R�U�Q�M�H�P���W�R�N�X���L���S�U�R�F�M�H�Q�D�P�D���Y�R�G�Q�R�J�R�V�S�R�G�D�U�V�N�L�K���V�W�U�X�þ�Q�M�D�N�D���N�R�M�H���V�X���X�N�D�]�L�Y�D�O�H���Q�D���P�R�J�X�ü�Q�R�V�W��
�]�Q�D�þ�D�M�Q�R�J�� �S�R�U�D�V�W�D�� �U�L�M�H�N�D�� �'�U�D�Y�H�� �L�� �'�X�Q�D�Y�D�� �L�� �Q�D�� �Q�D�ã�H�P�� �S�R�G�U�X�þ�M�X���� �1�H�N�R�O�L�N�R�� �G�D�Q�D�� �N�D�V�Q�L�M�H��
vodostaj Dunava kod Vukovara dosti�J�D�R�� �M�H�� ���������� �F�P�� �ã�W�R�� �M�H�� �S�U�R�X�]�U�R�þ�L�O�R�� �S�O�D�Y�O�M�H�Q�M�H�� �S�U�Y�L�K��
�N�X�ü�D���� �W�H�� �M�H�� �Q�D�M�D�Y�O�M�H�Q�D�� �H�Y�D�N�X�D�F�L�M�D�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�D���� �0�M�H�U�H�� �L�]�Y�D�Q�U�H�G�Q�H�� �R�E�U�D�Q�H�� �R�G�� �S�R�S�O�D�Y�D�� �Q�D��
�'�U�D�Y�L�� �N�R�G�� �2�V�L�M�H�N�D�� �S�U�R�J�O�D�ã�H�Q�H�� �V�X�� ������������������������ �J�R�G�L�Q�H���N�D�G�D���M�H�� �Y�R�G�R�V�W�D�M�� �G�R�V�W�L�J�D�R�� �U�D�]�L�Q�X�� �R�G��
+396 cm (danas se te mjere progl�D�ã�D�Y�D�M�X���S�U�L�������������F�P���������6�O�L�M�H�G�H�ü�L�K���G�D�Q�D���Y�R�G�R�V�W�D�M�L���'�X�Q�D�Y�D���L��
�'�U�D�Y�H���Q�H�S�U�H�N�L�G�Q�R���U�D�V�W�X�����D���Y�H�ü���������������������������Y�R�G�R�V�W�D�M���'�U�D�Y�H���N�R�G���2�V�L�M�H�N�D���S�U�H�P�D�ã�L�R���M�H���G�R���W�D�G�D��
�]�D�E�L�O�M�H�å�H�Q�L���P�D�N�V�L�P�X�P���L�]���������������J�R�G�L�Q�H���]�D�������F�P���L���L�]�Q�R�V�L�R���M�H�������������F�P�����7�R���L�S�D�N���Q�L�M�H���E�L�R���N�U�D�M����
jer 25.06.1965. god�L�Q�H���� �'�U�D�Y�D�� �N�R�G�� �2�V�L�M�H�N�D�� �L�� �'�X�Q�D�Y�� �N�R�G�� �9�X�N�R�Y�D�U�D�� �G�R�V�W�L�å�X�� �V�Y�R�M���D�S�V�R�O�X�W�Q�L��
�P�D�N�V�L�P�X�P���Q�D���������������R�G�Q�R�V�Q�R�����������F�P�����N�R�M�L���G�R���G�D�Q�D�V���Q�L�V�X���S�U�H�P�D�ã�H�Q�L�� 
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�8�Q�D�W�R�þ�� �Y�H�O�L�N�R�P�� �E�U�R�M�X�� �D�Q�J�D�å�L�U�D�Q�L�K�� �O�M�X�G�L�� �L�� �P�H�K�D�Q�L�]�D�F�L�M�H�� �Q�D�� �R�þ�X�Y�D�Q�M�X�� �R�E�U�D�P�E�H�Q�L�K�� �F�U�W�D����
dogodili su se brojni prodori nasipa koji �V�X�� �L�P�D�O�L�� �]�D�� �S�R�V�O�M�H�G�L�F�X�� �S�X�V�W�R�ã�� �Q�D�� �G�R�� �W�D�G�D��
�E�U�D�Q�M�H�Q�R�P�� �S�R�G�U�X�þ�M�X���� �1�D�� �*�O�D�Y�Q�R�P�� �G�U�D�Y�V�N�R�P�� �Q�D�V�L�S�X�� �X�� �%�D�U�D�Q�M�L�� ������������������������ �]�D�E�L�O�M�H�å�H�Q�� �M�H��
�S�U�R�G�R�U�� �Q�D�V�L�S�D�� �Q�D�� �O�R�N�D�F�L�M�L�� ������ �N�P�� �X�]�Y�R�G�Q�R�� �R�G�� �2�V�L�M�H�N�D���� �D�� ������������������������ �S�R�S�X�ã�W�D�M�X�� �E�D�U�D�Q�M�V�N�L��
�G�X�Q�D�Y�V�N�L�� �Q�D�V�L�S�L�� �Q�D�� �G�Y�D�� �P�M�H�V�W�D���� �9�R�G�L�� �V�H�� �R�J�R�U�þ�H�Q�D�� �E�L�W�N�D�� �]�D�� �V�S�D�ã�D�Y�D�Q�M�H�� �E�D�U�D�Q�M�V�N�R�J�� �Q�D�V�L�S�D��
�6�H�F�H���N�R�M�L���M�H���S�U�H�G�V�W�D�Y�O�M�D�R���R�E�U�D�P�E�H�Q�X���F�U�W�X���N�R�G���V�H�O�D���%�L�O�M�H���L���.�R�S�D�þ�H�Y�R���L���N�R�M�L���L�S�D�N���Q�L�M�H���L�]�G�U�å�D�R��
�Q�D�O�H�W�� �Y�R�G�H�Q�H�� �V�W�L�K�L�M�H���� �-�H�G�D�Q�� �R�G�� �Q�D�M�G�U�D�P�D�W�L�þ�Q�L�M�L�K�� �S�U�R�E�R�M�D�� �]�D�E�L�O�M�H�å�H�Q�� �M�H�� �X�� �Q�R�ü�L�� �L�]�P�H�ÿ�X�� �������� �L��
28.06.1965., kada je popustio stari obrambeni nasip iznad Carskih livada kod crpne stanice 
�9�D�G�D�U���� �ã�W�R�� �M�H�� �R�P�R�J�X�ü�L�O�R�� �Y�R�G�Q�R�P�� �Y�D�O�X�� �Y�L�V�L�Q�H�� ���� �P�
�� �G�D�� �S�R�S�O�D�Y�L�� �R�V�M�H�þ�N�D�� �S�U�L�J�U�D�G�V�N�D�� �Q�D�V�H�O�M�D��
�7�Y�U�ÿ�D�Y�L�F�X���L���3�R�G�U�D�Y�O�M�H�����9�R�G�D���M�H���S�R�S�O�D�Y�L�O�D���L���F�H�V�W�X���2�V�L�M�H�N-�%�L�O�M�H���þ�L�P�H���V�H���V�W�Y�R�U�L�O�R���M�H�G�L�Q�V�W�Y�H�Q�R��
jezero dravske i dunav�V�N�H�� �Y�R�G�H���� �8�� �2�V�L�M�H�N�X�� �M�H�� �S�R�S�O�D�Y�O�M�H�Q�� �=�R�R�O�R�ã�N�L�� �Y�U�W�� �Q�D�� �O���R���� �'�U�D�Y�H�� �L��
Pampas na d.o., a u Vukovaru krajem svibnja i lipnja poplavljeno je niz dijelova grada i 
okolnih naselja koja su pretvorena u prava jezera. Napokon 14.07.1965. vode Dunava i 
Drave povukle su se u svoja korita, a 21.07.1965. ukinute su mjere obrane od poplava. 
�,�S�D�N���� �X�� �N�R�O�R�Y�R�]�X�� �L�V�W�H�� �J�R�G�L�Q�H�� �'�U�D�Y�D�� �M�H�� �S�R�Q�R�Y�R�� �]�D�S�U�L�M�H�W�L�O�D���� �S�R�þ�H�O�D�� �V�H�� �S�U�H�O�L�M�H�Y�D�W�L�� �N�R�G��
Pampasa, a 11.08.1965. ponovo je pod vodom cesta Osijek-Bilje. Te godine to je bio 
posljednji nalet stihi�M�H���N�R�M�D���M�H���6�O�D�Y�R�Q�L�M�L���L���%�D�U�D�Q�M�L���Q�D�Q�L�M�H�O�D���R�J�U�R�P�Q�H���ã�W�H�W�H�� 
�3�R�V�O�M�H�G�L�F�H���S�R�S�O�D�Y�H���L�]���������������J�R�G�L�Q�H�����N�R�M�D���M�H���W�U�D�M�D�O�D�����������G�D�Q�D�����V�X���E�L�O�H�����Q�D���S�R�G�U�X�þ�M�X���W�D�G�D�ã�Q�M�H�J��
�N�R�W�D�U�D�� �2�V�L�M�H�N�� �E�L�O�R�� �M�H�� �S�R�S�O�D�Y�O�M�H�Q�R�� �������������� �K�D���� �X�J�U�R�å�H�Q�D�� �V�X�� �E�L�O�D�� ������ �Q�D�V�H�O�M�D�� �V�� ��������������
stanovnika, poplavljeno je �����������V�W�D�P�E�H�Q�L�K���R�E�M�H�N�D�W�D�����V�U�X�ã�H�Q�R�������������R�E�M�H�N�W�������X�Q�L�ã�W�H�Q�R���M�H��������
�N�P���N�D�Q�D�O�L�]�D�F�L�M�V�N�H���P�U�H�å�H�����������N�P���S�D�U�R�Y�R�G�D���L���Y�R�G�R�Y�R�G�Q�H���P�U�H�å�H�����W�H���F�H�V�W�D���X���G�X�O�M�L�Q�L���R�G���������N�P����
�9�H�O�L�N�H���ã�W�H�W�H���]�D�E�L�O�M�H�å�H�Q�H���V�X���L���Q�D���S�R�G�U�X�þ�M�X���9�D�O�S�R�Y�D�����'�R�Q�M�H�J���0�L�K�R�O�M�F�D�����6�O�D�W�L�Q�H�����D���]�Q�D�þ�D�M�Q�R���M�H��
stradao i tada�ã�Q�M�L���3�,�.���%�H�O�M�H�� 
 

 
 

Slika 2. Fotografija poplave u Osijeku 1965. �± izvor: arhiva Hrvatskih voda 
Figure 2. Photo of the flood in Osijek in 1965 - source: Hrvatske vode archive 
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�3�R�S�O�D�Y�H�� �L�]�� ������������ �J�R�G�L�Q�H�� �S�R�� �V�Y�R�P�� �R�S�V�H�J�X�� �L�� �ã�W�H�W�D�P�D�� �S�U�H�P�D�ã�L�O�H�� �V�X�� �L�� �N�D�W�D�V�W�U�R�I�D�O�Q�X��
pop�O�D�Y�X���L�]���������������J�R�G�L�Q�H�����7�D�G�D���M�H���S�R�S�O�D�Y�D�P�D���E�L�O�R���X�J�U�R�å�H�Q�R���S�R�G�U�X�þ�M�H���R�G���9�D�U�D�å�G�L�Q�D���G�R��
�2�V�L�M�H�N�D�����X�N�X�S�Q�R�����������������K�D���S�R�Y�U�ã�L�Q�D�����8�V�O�L�M�H�G���M�D�N�L�K���N�L�ã�D���X���$�X�V�W�U�L�M�L���������������J�R�G�L�Q�H���X���Y�L�ã�H��
navrata, pojavile su se velike vode na Muri (od 22.04. - 21.07.1972. ukupno 7 vodnih 
valova) od kojih su one iz srpnja bile katastrofalne. Na Dravi u razdoblju od  
24.04. - �������������������������S�R�M�D�Y�L�O�D���V�X���V�H�������S�R�S�O�D�Y�Q�D���Y�D�O�D�����D���Q�D�M�Y�H�ü�L���Y�R�G�Q�L���Y�D�O���]�D�E�L�O�M�H�å�H�Q���M�H��
�X�� �V�U�S�Q�M�X���� �-�D�N�H�� �N�L�ã�H�� �Q�D�� �Y�R�G�Q�R�P�� �S�R�G�U�X�þ�M�X�� �S�R�þ�H�O�H�� �V�X�� �S�D�G�D�W�L�� �X�� �V�U�S�Q�M�X�� ��������-300 mm u 
nekoliko dana), a brdske vode s Bilogore, Papuka i Krndije slile su se prema Dravi, 
�W�H�� �G�R�G�D�W�Q�R�� �S�R�Y�H�ü�D�O�H�� �L�R�Q�D�N�R�� �Y�H�O�L�N�L�� �Y�R�G�Q�L�� �Y�D�O�� �0�X�U�H�� �L�� �'�U�D�Y�H���� �3�U�H�P�D�ã�H�Q�L�� �V�X�� �V�Y�L��
�G�R�W�D�G�D�ã�Q�M�L���]�D�E�L�O�M�H�å�H�Q�L���P�D�N�V�L�P�D�O�Q�L���Y�R�G�R�V�W�D�M�L���Q�D���Y�R�G�R�P�M�H�U�Q�L�P���S�R�V�W�D�M�D�P�D���'�U�D�Y�H���L���0�X�U�H��
u rasponu od 16 do 72 cm (osim V�D�U�D�å�G�L�Q�D��- maksimum iz 1965. godine i Osijeka, 
�P�D�N�V�L�P�X�P�� �W�D�N�R�ÿ�H�U�� �L�]�� ������������ �J�R�G�L�Q�H���� �X�V�O�L�M�H�G�� �X�V�S�R�U�D�� �'�X�Q�D�Y�D������ �2�E�R�U�L�Q�H�� �V�X�� �S�U�H�P�D�ã�L�O�H��
�Y�L�ã�H�J�R�G�L�ã�Q�M�L�� �S�U�R�V�M�H�N�� ��������������- 1970.) za pet puta, a izlijevanje vode iz korita Drave i 
Mure i kanala bilo je neminovno. 
Uslijed �G�X�J�R�W�U�D�M�Q�L�K�� �Y�L�V�R�N�L�K�� �Y�R�G�R�V�W�D�M�D���Q�D�V�L�S�L�� �V�X�� �E�L�O�L�� �S�U�R�N�Y�D�ã�H�Q�L���� �D�� �R�E�U�D�Q�D���R�G�� �S�R�S�O�D�Y�H��
�R�W�H�å�D�Q�D�� �X�V�O�L�M�H�G�� �S�U�R�F�M�H�G�Q�L�K�� �Y�R�G�D�� �V�� �E�U�D�Q�M�H�Q�H�� �V�W�U�D�Q�H�� �Q�D�V�L�S�D���� �6�L�W�X�D�F�L�M�X�� �V�X�� �G�R�G�D�W�Q�R��
�R�W�H�å�D�Y�D�O�L���V�W�D�O�Q�L���S�O�M�X�V�N�R�Y�L���L���N�L�ã�H���X���W�R���Y�U�L�M�H�P�H�����.�R�G���N�X�O�P�L�Q�L�U�D�M�X�ü�L�K���Y�R�G�R�V�W�D�M�D���G�R�O�D�]�L���G�R��
4 proboja nasipa: Lanka-�/�H�ã�H�Y�R�� ������������������������������ �.�D�S�L�Q�F�L-�%�X�G�D�N�R�Y�D�F�� �N�R�G�� �=�D�Q�R�ã�D��
�������������������������������%�H�O�L�ã�ü�H-Nard (23.07.1972.) i Glavni dravski nasip kod Novog Bezdana 
������������������������������ �5�D�G�L�� �R�P�R�J�X�ü�D�Y�D�Q�M�D�� �R�W�M�H�F�D�Q�M�D�� �S�R�S�O�D�Y�Q�L�K�� �Y�R�G�D�� �P�L�Q�L�U�D�Q�� �M�H�� �Q�D�V�L�S��
�%�H�O�L�ã�ü�H-Nard, te potez ceste Osijek-�%�L�O�M�H���� �þ�L�P�H�� �M�H�� �R�P�R�J�X�ü�H�Q�D�� �H�Y�D�N�X�D�F�L�M�D�� �S�R�S�O�D�Y�Q�L�K��
�Y�R�G�D�� �X�� �'�X�Q�D�Y�� �V�� �S�R�G�U�X�þ�M�D�� �]�D�S�D�G�Q�R�� �R�G�� �Q�D�Y�H�G�H�Q�H�� �F�H�V�W�H�� �S�X�W�H�P�� �E�L�O�M�V�N�H�� �6�W�D�U�H�� �'�U�D�Y�H�� �L��
�X�V�W�D�Y�H���.�R�S�D�þ�H�Y�R���X���'�X�Q�D�Y�� 
U kolovozu 1972. godine kada se pristupilo sanaciji nasipa, ponovno dolazi do 
�Y�H�O�L�N�L�K���N�L�ã�D�����Q�D�M�Y�L�ã�H���X���U�D�]�G�R�E�O�M�X���L�]�P�H�ÿ�X�����������L�������������������������������������L�����������������S�D�O�R���M�H���Y�L�ã�H���R�G��
���������P�P�������ã�W�R���M�H���S�R�Q�R�Y�Q�R���L�]�D�]�Y�D�O�R���N�D�W�D�V�W�U�R�I�D�O�Q�H���S�R�S�O�D�Y�H���X�V�O�L�M�H�G���E�X�M�L�þ�Q�L�K���Y�R�G�D���N�R�M�H���V�X��
�U�X�ã�L�O�H�� �V�Y�H�� �S�U�H�G�� �V�R�E�R�P�� ���Q�S�U���� �Q�D�� �S�R�G�U�X�þ�M�X�� �6�O�D�W�L�Q�H�� �L�� �2�U�D�K�R�Y�L�F�H�� �V�U�X�ã�H�Q�R�� �M�H�� �Y�L�ã�H�� �R�G�� 
������ �P�R�V�W�R�Y�D�������%�X�M�L�þ�Q�H���Y�R�G�H���9�R�ü�L�Q�N�H�����9�R�M�O�R�Y�L�F�H�����9�X�þ�L�F�H�����.�D�U�D�ã�L�F�H�����5�D�G�O�R�Y�F�D���L�� �G�U�X�J�L�K��
�Y�R�G�R�W�R�N�D�����S�R�S�O�D�Y�L�O�H���V�X���Y�H�O�L�N�D���S�R�G�U�X�þ�M�D�����D���V�L�W�X�D�F�L�M�X���M�H���G�R�G�D�W�Q�R���R�W�H�å�D�R���Y�L�V�R�N�L���Y�R�G�R�V�W�D�M��
Drave koja nije bila u stanju prihvatiti sve te vode. 
�,�D�N�R�� �M�H�� �Q�D�� �R�E�U�D�Q�L�� �R�G�� �S�R�S�O�D�Y�D�� ������������ �J�R�G�L�Q�H�� �E�L�O�R�� �D�Q�J�D�å�L�U�D�Q�R�� �Y�L�ã�H�� �R�G 30.000 ljudi, 
�Y�H�O�L�N�H�� �ã�W�H�W�H�� �V�H�� �Q�L�V�X�� �P�R�J�O�H�� �L�]�E�M�H�ü�L���� �8�]�� �R�J�U�R�P�D�Q�� �Q�D�S�R�U�� �L�]�E�M�H�J�Q�X�W�H�� �V�X�� �O�M�X�G�V�N�H�� �å�U�W�Y�H����
Mjesecima su slavonska i baranjska polja bila pretvorena u nepregledna jezera, a 
�Q�D�M�Y�H�ü�X���S�X�V�W�R�ã���S�R�S�O�D�Y�D���M�H���R�V�W�D�Y�L�O�D���Q�D���S�R�G�U�X�þ�M�X���6�O�D�W�L�Q�H���L���%�H�O�R�J���0�D�Q�D�V�W�L�U�D�� 
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Slika 3. Fotografija miniranog mosta �± izvor: arhiva Hrvatskih voda 
Figure 3. Photo of a mined bridge �± source: Hrvatske vode archive 

 
 
�.�D�W�D�V�W�U�R�I�D�O�Q�H�� �S�R�S�O�D�Y�H�� �V�U�H�G�L�Q�R�P�� �ã�H�]�G�H�V�H�W�L�K�� ���������������� ������������ �L�� ������������ �J�R�G�L�Q�H���� �L�� �S�R�þ�H�W�N�R�P��
�V�H�G�D�P�G�H�V�H�W�L�K���J�R�G�L�Q�D���S�U�R�ã�O�R�J���V�W�R�O�M�H�ü�D�������������������S�U�H�G�V�W�D�Y�O�M�D�M�X���S�U�H�N�U�H�W�Q�L�F�X���X���S�U�R�Y�R�ÿ�H�Q�M�X���P�M�H�U�D��
�R�E�U�D�Q�H�� �R�G�� �S�R�S�O�D�Y�D�� �G�R�Q�R�ã�H�Q�M�H�P�� �þ�H�W�Y�H�U�R�J�R�G�L�ã�Q�M�L�K�� �S�U�R�J�U�D�P�D�� �S�U�L�R�U�L�W�H�W�D�� �U�D�G�R�Y�D�� �X�� �W�R�M��
vodnogospodarskoj djelatnosti. Prvi takav program donesen je 1967., a drugi 1972. godine 
�L���R�G���W�D�G�D���V�H���]�D�S�R�þ�L�Q�M�H���V���S�U�Y�Lm intenzivnim, sustavnim i planskim radovima na izgradnji i 
�G�R�J�U�D�G�Q�M�L���V�X�V�W�D�Y�D���]�D���]�D�ã�W�L�W�X���R�G���S�R�S�O�D�Y�D���Q�D���R�Y�R�P���S�R�G�U�X�þ�M�X�� 
�'�D�Q�D�ã�Q�M�H�� �V�W�D�Q�M�H�� �X�U�H�ÿ�H�Q�R�V�W�L�� �Y�R�G�R�W�R�N�D�� �L�� �L�]�J�U�D�ÿ�H�Q�R�V�W�L�� �V�X�V�W�D�Y�D�� �]�D�� �R�E�U�D�Q�X�� �R�G�� �S�R�S�O�D�Y�D�� �Q�D��
�S�R�G�U�X�þ�M�X�� �S�R�G�V�O�L�Y�D�� �U�L�M�H�N�D�� �'�U�D�Y�H�� �L�� �'�X�Q�D�Y�D���� �Y�R�G�Q�R�J���S�R�G�U�X�þ�M�D�� �'�X�Q�D�Y�D���� �U�D�]�O�L�N�X�M�H�� �V�H�� �]�D��
�S�R�M�H�G�L�Q�D���E�U�D�Q�M�H�Q�D���S�R�G�U�X�þ�M�D�����S�R�G�U�X�þ�M�D���P�D�O�L�K���V�O�L�Y�R�Y�D���L���S�R�M�H�G�L�Q�L�K���Y�R�G�R�W�R�N�D�������Q�R���J�H�Q�H�U�D�O�Q�R���V�H��
�P�R�å�H���N�R�Q�V�W�D�W�L�U�D�W�L���G�D���M�H���V�W�X�S�D�Q�M���U�H�J�X�O�L�U�D�Q�R�V�W�L���Y�R�G�R�W�R�N�D���L���L�]�J�U�D�ÿ�H�Q�R�V�W�L���V�X�V�W�D�Y�D���]�D���R�E�U�D�Q�X���R�G��
�S�R�S�O�D�Y�D���X�J�O�D�Y�Q�R�P���S�U�R�S�R�U�F�L�R�Q�D�O�D�Q���V���Y�H�O�L�þ�L�Q�R�P���S�U�L�S�D�G�D�M�X�ü�L�K���Y�R�G�R�W�R�N�D�����,�]�J�U�D�ÿ�H�Q�L���Q�D�V�L�S�L���Q�D��
�S�R�G�U�X�þ�M�X�� �S�R�G�V�O�L�Y�D�� �U�L�M�H�N�D�� �'�U�D�Y�H�� �L�� �'�X�Q�D�Y�D�� �ã�W�L�W�H�� �S�R�G�U�X�þ�M�H�� �R�G�� �Y�H�O�L�N�L�K�� �Y�R�G�D�� ������-�J�R�G�L�ã�Q�M�H�J��
�S�R�Y�U�D�W�Q�R�J���U�D�]�G�R�E�O�M�D���X�]���Q�D�G�Y�L�ã�H�Q�M�H���R�G�������������P�
���L���X�]���V�D�Q�D�F�L�M�X���L���G�R�J�U�D�G�Q�M�X���S�R�M�H�G�L�Q�L�K���N�U�L�W�L�þ�Q�L�K��
�P�M�H�V�W�D���� �W�H�� �U�H�G�R�Y�Q�R�� �R�G�U�å�D�Y�D�Q�M�H�� �V�X�V�W�D�Y�D�� �L�� �S�U�R�Y�H�G�E�X�� �'�U�å�D�Y�Q�R�J�� �S�O�D�Q�D�� �R�E�U�D�Q�H�� �R�G�� �S�R�S�O�D�Y�D��
�W�L�M�H�N�R�P�� �Y�H�O�L�N�L�K�� �Y�R�G�Q�L�K�� �Y�D�O�R�Y�D�� �R�P�R�J�X�ü�H�Q�D�� �M�H�� �X�V�S�M�H�ã�Q�D�� �R�E�U�D�Q�D�� �R�G�� �Y�H�O�L�N�L�K�� �Y�R�G�D�� �'�U�D�Y�H�� �L��
Dunava. 
�8�O�D�J�D�Q�M�D���X���V�X�V�W�D�Y���R�E�U�D�Q�H���R�G���S�R�S�O�D�Y�D���Y�R�G�D���,���U�H�G�D���G�R�Y�H�O�D���V�X���G�R���W�R�J�D���G�D���M�H���G�R���G�D�Q�D�ã�Q�M�L�K���G�D�Q�D��
uz desnu obalu rijeke Mure i �Q�M�H�Q�H�� �S�U�L�W�R�N�H�� �L�]�J�U�D�ÿ�H�Q�R�� �X�N�X�S�Q�R�� �������������� �N�P�� �R�E�U�D�P�E�H�Q�L�K��
�Q�D�V�L�S�D�����X�]���O�L�M�H�Y�X���L���G�H�V�Q�X���R�E�D�O�X���J�R�U�Q�M�H���'�U�D�Y�H���L���S�U�L�S�D�G�D�M�X�ü�H���S�U�L�W�R�N�H���X�N�X�S�Q�R�������������������N�P�����X�]��
�O�L�M�H�Y�X���L���G�H�V�Q�X���R�E�D�O�X���G�R�Q�M�H���'�U�D�Y�H���L���S�U�L�S�D�G�D�M�X�ü�H���S�U�L�W�R�N�H���X�N�X�S�Q�R�������������������N�P�����D���X�]���'�X�Q�D�Y���L��
njegove neposredne desnoobalne pritoke (bez Drave) ukupno 203,510 km obrambenih 
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�Q�D�V�L�S�D�����R�G�Q�R�V�Q�R���Q�D���Y�R�G�Q�R�P���S�R�G�U�X�þ�M�X���'�X�Q�D�Y�D���V�Y�H�X�N�X�S�Q�R�������������������N�P���R�E�U�D�P�E�H�Q�L�K���Q�D�V�L�S�D����
�2�G���V�Y�H�X�N�X�S�Q�H���G�X�O�M�L�Q�H���Q�D�V�L�S�D���Q�D���Y�R�G�Q�R�P���S�R�G�U�X�þ�M�X���'�X�Q�D�Y�D�����S�R�G�U�X�þ�M�X���6�H�N�W�R�U�D���%�����'�X�Q�D�Y�D���L��
donje Drave) pripada 448,550 km izgra�ÿ�H�Q�L�K���R�E�U�D�P�E�H�Q�L�K���Q�D�V�L�S�D�� 
�1�D�N�R�Q���N�D�W�D�V�W�U�R�I�D�O�Q�H���S�R�S�O�D�Y�H���������������J�R�G�L�Q�H���X���2�V�L�M�H�N�X���Q�L�M�H���]�D�E�L�O�M�H�å�H�Q�D���Q�L�W�L���M�H�G�Q�D���S�R�S�O�D�Y�D�����D�O�L��
�M�H�� �]�D�E�L�O�M�H�å�H�Q�R�� �Q�H�N�R�O�L�N�R�� �]�Q�D�þ�D�M�Q�L�K�� �R�E�U�D�Q�D�� �R�G�� �S�R�S�O�D�Y�D�� �R�G�� �N�R�M�L�K�� �M�H�� �Y�D�å�Q�R�� �L�V�W�D�N�Q�X�W�L�� �J�R�G�L�Q�H��
�������������������������������������������������������L�����������������N�D�G�D���V�X���X�V�S�M�H�ã�Q�R provedene mjere obrane od poplava na 
�U�L�M�H�F�L���'�U�D�Y�L���L���V�Y�L�P���E�U�D�Q�M�H�Q�L�P���S�R�G�U�X�þ�M�L�P�D�� 
 
�6�X�V�W�D�Y���]�D�ã�W�L�W�H���R�G���S�R�S�O�D�Y�D���J�U�D�G�D���2�V�L�M�H�N�D 
 
�9�R�G�Q�H�� �J�U�D�ÿ�H�Y�L�Q�H�� �]�D�� �R�E�U�D�Q�X�� �R�G�� �S�R�S�O�D�Y�D�� �X�� �2�V�L�M�H�N�X�� �P�R�J�X�� �V�H�� �S�R�G�L�M�H�O�L�W�L�� �Q�D�� �J�U�D�ÿ�H�Y�L�Q�H�� �]�D��
�R�E�U�D�Q�X���R�G���S�R�S�O�D�Y�D���U�L�M�H�N�H���'�U�D�Y�H���W�H���J�U�D�ÿ�H�Y�L�Q�H���]�D���R�E�U�D�Q�X���R�G���S�R�S�O�D�Y�D���X�V�O�L�M�H�G���Y�H�O�L�N�H���N�R�O�L�þ�L�Q�H��
�R�E�R�U�L�Q�D�����3�R�V�W�R�M�H�ü�H���X�U�H�ÿ�H�Q�M�H���R�E�D�O�H���U�L�M�H�N�H���'�U�D�Y�H���X���2�V�L�M�H�N�X�����W�H�P�H�O�M�L���V�H���Q�D���D�I�L�U�P�L�U�D�Q�M�X���U�L�M�H�N�H��
�N�D�R�� �R�V�Q�R�Y�Q�R�J�� �N�R�P�S�R�]�L�F�L�M�V�N�R�J�� �L�� �L�Q�W�H�J�U�D�F�L�M�V�N�R�J�� �H�O�H�P�H�Q�W�D�� �O�R�Q�J�L�W�X�G�L�Q�D�O�Q�R�J�� �J�U�D�G�D���� �2�V�M�H�þ�N�D��
�S�U�L�R�E�D�O�Q�D�� �ã�H�W�Q�L�F�D���� �3�U�R�P�H�Q�D�G�D���� �G�L�R�� �M�H�� �S�U�R�M�H�N�W�D�� �Ä�2�V�L�M�H�N�� ���������³�� �N�R�M�H�J�� �M�H�� �D�X�W�R�U�� �D�U�K�L�W�H�N�W��
�5�D�G�R�Y�D�Q���0�L�ã�þ�H�Y�L�ü�����,�]�J�U�D�G�Q�M�D���R�E�D�O�R�X�W�Y�U�G�H���V���3�U�R�P�H�Q�D�G�R�P���]�D�S�R�þ�H�O�D���M�H���������������J�R�G�L�Q�H�����Q�D�N�R�Q��
katastrofalne poplave iz 1965. godine. Realizacijom Promenade u Gornjem gradu, uz 
�L�]�J�U�D�G�Q�M�X�� �S�M�H�ã�D�þ�N�R�J�� �P�R�V�W�D���� �G�U�D�Y�V�N�D�� �M�H�� �R�E�D�O�D�� �S�R�V�Wala najprepoznatljivija i najkvalitetnija 
vizura grada Osijeka. 
 

 
 

Slika 4. Fotografija obaloutvrde na rkm 22 �± izvor: arhiva Hrvatskih voda 
Figure 4. Photo of coastal fortification on river km 22 �± source: Hrvatske vode archive 

 
�8�U�H�ÿ�H�Q�M�H�� �R�E�D�O�H�� �L�� �R�E�D�O�Q�R�J���S�R�G�U�X�þ�M�D�� �U�L�M�H�N�H�� �'�U�D�Y�H�� �X�� �2�V�L�M�H�N�X�� �S�R�G�L�M�H�O�M�H�Q�R�� �M�H�� �Q�D�� �Q�H�N�R�O�L�N�R��
�G�L�R�Q�L�F�D�����'�R���V�D�G�D���V�X���]�D�Y�U�ã�H�Q�H���G�L�R�Q�L�F�H���U�H�N�R�Q�V�W�U�X�N�F�L�M�H���G�H�V�Q�H���R�E�D�O�H���R�E�D�O�X�W�Y�U�G�H���Q�D���U�N�P����������������
poddionica od stare luke Tranzit (rkm. 18+800) do cestovnog mosta (rkm. 19+300) te 
rekonstrukcija nasipa Drava �± �'�X�Q�D�Y�� �N�R�G�� �3�R�G�U�D�Y�O�M�D���� �8�� �W�L�M�H�N�X�� �M�H�� �L�]�Y�R�ÿ�H�Q�M�H�� �U�D�G�R�Y�D�� 
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2. poddionice stare luke Tranzit od rkm. 17+800 do rkm. 18+800 i 3. poddionice od 
�S�R�þ�H�W�N�D�� �G�R�Q�M�R�J�U�D�G�V�N�H�� �R�E�D�O�H�� �U�N�P���� �������������� �G�R�� �7�U�J�D�� �1�L�N�R�O�H�� �7�H�V�O�H�� �U�N�P���� ���������������� �=�D�� ������
poddionicu Vrbik od ulice Zeleno polje �G�R���S�R�þ�H�W�N�D�� �G�R�Q�M�R�J�U�D�G�V�N�H�� �R�E�D�O�H�����U�N�P���� �����������������W�H��
dionicu rekonstrukcija i dogradnja nasipa i obaloutvrde ZOO vrt u Osijeku trenutno se 
�L�]�U�D�ÿ�X�M�H�� �S�U�R�M�H�N�W�Q�D�� �G�R�N�X�P�H�Q�W�D�F�L�M�D���� �3�R�V�H�E�Q�R�� �]�D�Q�L�P�O�M�L�Y�D�� �M�H�� �L�]�J�U�D�G�Q�M�D�� �Q�D�V�L�S�D�� �]�D�� �]�D�ã�W�L�W�X�� �R�G��
�S�R�S�O�D�Y�D�� �Q�D�V�H�O�M�D�� �.�D�U�D�ã�L�F�D�� �N�R�M�H�� �M�H�� �V�P�M�H�ã�W�H�Q�R�� �X�� �Q�H�X�U�H�ÿ�H�Q�R�P�� �L�Q�X�Q�G�D�F�L�M�V�N�R�P�� �S�R�G�U�X�þ�M�X�� �U�L�M�H�N�H��
�'�U�D�Y�H���� �W�H�� �M�H�� �X�þ�H�V�W�D�O�R�� �L�]�O�R�å�H�Q�R�� �X�W�M�H�F�D�M�X�� �S�R�S�O�D�Y�Q�L�K�� �Y�R�G�D���� �D�� �S�R�J�O�D�Y�L�W�R�� �X�� �S�H�U�L�R�G�X�� �R�G�� ������������
�J�R�G�L�Q�H���G�R���G�D�Q�D�V���X���N�R�M�H�P���M�H���]�D�E�L�O�M�H�å�H�Q�R���ã�H�V�W���Y�L�V�R�N�L�K���Y�R�G�Q�L�K���Y�D�O�R�Y�D�����=�D���Y�U�L�M�H�P�H���R�E�U�D�Q�H���R�G��
poplave u 2013. godini oko nase�O�M�D���.�D�U�D�ã�L�F�D���L�]�J�U�D�ÿ�H�Q���M�H���S�U�L�Y�U�H�P�H�Q�L���Ä�]�H�þ�M�L���Q�D�V�L�S�³���Y�L�V�L�Q�H���G�R��
�������� �P�H�W�U�D���� �X�N�X�S�Q�H�� �G�X�å�L�Q�H�� �F�F�D�� ���������� �P�H�W�D�U�D���� �3�U�L�Y�U�H�P�H�Q�L�� �Q�D�V�L�S�� �ã�W�L�W�L�R�� �M�H�� �Q�D�V�H�O�M�H�� �R�G�� �Y�L�V�R�N�H��
�Y�R�G�H���V���W�U�L���V�W�U�D�Q�H�����G�R�N���M�H���S�U�H�R�V�W�D�O�D���V�M�H�Y�H�U�Q�D���V�W�U�D�Q�D���Q�D�V�H�O�M�D���E�L�O�D���]�D�ã�W�L�ü�H�Q�D���L�]�Y�H�G�E�R�P���Q�D�V�L�S�D���R�G��
�Y�U�H�ü�D�� �Q�D�S�X�Q�M�H�Q�L�K�� �S�L�M�H�V�N�R�P���� �'�L�R�� �S�R�V�W�R�M�H�ü�H�J�� �Q�D�V�L�S�D�� �L�]�J�U�D�ÿ�H�Q�� �M�H�� �S�R�� �W�U�D�V�L�� �W�X�F�D�Q�L�þ�N�R�J��
�ã�X�P�D�U�V�N�R�J���S�X�W�D�����%�X�G�X�ü�L���R�E�R�G�Q�L���Q�D�V�L�S���X���G�X�O�M�L�Q�L���F�F�D�����������P�H�W�U�D�����ã�W�L�W�L�R���E�L���Q�D�V�H�O�M�H���V���W�U�L���V�W�U�D�Q�H����
�S�R�þ�H�Y�ã�L�� �R�G�� �R�E�D�O�H�� �U�L�M�H�N�H�� �'�U�D�Y�H�� �Q�D�� �]�D�S�D�G�Q�R�P�� �G�L�M�H�O�X�� �Q�D�V�H�O�M�D�� �S�U�X�å�D�Q�M�H�P�� �W�U�D�V�H�� �Q�D�V�L�S�D�� �X��
nepravilnom luk�X�����]�D�Y�U�ã�D�Y�D���Q�D���R�E�D�O�L���U�L�M�H�N�H���'�U�D�Y�H���L�V�W�R�þ�Q�R�J���G�L�M�H�O�D���Q�D�V�H�O�M�D���S�U�L���þ�H�P�X���]�D�W�Y�D�U�D��
�E�U�D�Q�M�H�Q�R���S�R�G�U�X�þ�M�H���Q�D�V�H�O�M�D���.�D�U�D�ã�L�F�D�� 
 

 
 

Slika 5. �)�R�W�R�J�U�D�I�L�M�D���Q�D�V�H�O�M�D���.�D�U�D�ã�L�F�D�������������J�R�G�L�Q�H���± izvor: arhiva Hrvatskih voda 
Figure 5. �3�K�R�W�R���R�I���V�H�W�W�O�H�P�H�Q�W���.�D�U�D�ã�L�F�D���L�Q���������������± source: Hrvatske vode archive 

 
�8�U�H�ÿ�H�Q�M�H�P�� �Y�R�G�Q�R�J�� �U�H�å�L�P�D�� �V�O�L�Y�D�� �N�D�Q�D�O�D�� �3�H�W�U�X�ã�� �Q�D�� �S�R�G�U�X�þ�M�X�� �J�U�D�G�D�� �2�V�L�M�H�N�D�� �V�O�L�Y�Q�H�� �S�R�Y�U�ã�L�Q�H��
�������� �K�D�� �S�R�W�S�X�Q�R�� �U�D�Y�Q�L�þ�D�U�V�N�R�� �S�R�G�U�X�þ�M�H���� �Y�H�ü�L�P�� �G�L�M�H�O�R�P�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�H�� �Q�D�P�M�H�Q�H���� �D�� �P�D�Q�M�L�P��
dijelom gospodarske i stambene namjene, gdje se nalaze detaljni melioracijski kanali sa 
�P�D�O�L�P���S�D�G�R�P���G�Q�D���X�Y�M�H�W�R�Y�D�Q�L�P���N�R�Q�I�L�J�X�U�D�F�L�M�R�P���W�H�U�H�Q�D���W�H���Y�H�O�L�N�L�P���E�U�R�M�H�P���R�E�M�H�N�D�W�D���Q�D���P�U�H�å�L��
���F�L�M�H�Y�Q�L�� �L�� �S�O�R�þ�D�V�W�L�� �S�U�R�S�X�V�W�L���� �å�H�O�L�� �V�H�� �S�R�E�R�O�M�ã�D�W�L�� �Y�R�G�Q�L�� �U�H�å�L�P�� �L�� �V�S�U�L�M�H�þ�L�W�L�� �S�R�S�O�D�Y�H�� �Q�D���S�R�G�U�X�þ�M�X��
gr�D�G�D�� �2�V�L�M�H�N�D���� �1�H�S�U�H�V�W�D�Q�D�� �X�U�E�D�Q�L�]�D�F�L�M�D�� �X�]�U�R�N�X�M�H�� �S�U�R�P�M�H�Q�H�� �X�Y�M�H�W�D�� �W�H�þ�H�Q�M�D�� ���Q�S�U���� �S�R�Y�H�ü�D�Q�M�H��
�S�R�Y�U�ã�L�Q�V�N�R�J�� �R�W�M�H�F�D�Q�M�D�� �R�E�R�U�L�Q�V�N�L�K�� �Y�R�G�D������ �ã�W�R�� �P�R�å�H�� �G�R�Y�H�V�W�L�� �G�R�� �S�O�D�Y�O�M�H�Q�M�D�� �J�U�D�G�V�N�L�K�� �L��
prigradskih naselja, stambeno-�S�R�V�O�R�Y�Q�L�K�� �L�� �L�Q�G�X�V�W�U�L�M�V�N�L�K�� �]�R�Q�D�� �J�U�D�G�D�� �2�V�L�M�H�N�D�� �L�� �M�X�å�Q�H��
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obilaznice grada Osijeka. Projekt infiltracijsko �± �U�H�W�H�Q�F�L�M�V�N�H���O�D�J�X�Q�H���X�]���M�X�å�Q�X���]�D�R�E�L�O�D�]�Q�L�F�X��
�J�U�D�G�D���2�V�L�M�H�N�D�����3�U�R�M�H�N�W���U�D�V�W�H�U�H�W�Q�R�J���N�D�Q�D�O�D���R�G���N�D�Q�D�O�D���3�H�W�U�X�ã���G�R���U�����'�U�D�Y�H���V���X�V�W�D�Y�R�P���L���F�U�S�Q�R�P��
�V�W�D�Q�L�F�R�P���W�H���3�U�R�M�H�N�W���X�V�W�D�Y�H���Q�D���N�D�Q�D�O�X���&�U�Q�L���I�R�N���Q�D���X�ã�ü�X���N�D�Q�D�O�D���X���6�W�D�U�X���'�U�D�Y�X���X���9�L�ã�Q�M�H�Y�F�X�� 
 

 
 

Slika 6. �8�U�H�ÿ�H�Q�M�H���Y�R�G�Q�R�J���U�H�å�L�P�D���N�D�Q�D�O�D���3�H�W�U�X�ã���± izvor: arhiva Hrvatskih voda 
Figure 6. �5�H�J�X�O�D�W�L�R�Q���R�I���W�K�H���Z�D�W�H�U���U�H�J�L�P�H���R�I���W�K�H���F�D�Q�D�O���3�H�W�U�X�ã���± source: Hrvatske vode archive 

 
 
 
�8�U�H�ÿ�H�Q�M�H�� �3�R�J�D�Q�R�Y�D�þ�N�R-�N�U�D�Y�L�þ�N�R�J�� �N�D�Q�D�O�D�� �X�� �-�R�V�L�S�R�Y�F�X�� �U�D�G�L���S�R�E�R�O�M�ã�D�Q�M�D�� �Y�R�G�Q�R�J�� �U�H�å�L�P�D�� �L��
�V�S�U�M�H�þ�D�Y�D�Q�M�D�� �S�R�S�O�D�Y�D���� �7�U�D�V�D�� �P�X�� �M�H�� �X�V�P�M�H�U�H�Q�D�� �R�G�� �M�X�J�R�]�D�S�D�G�D�� �S�U�H�P�D�� �V�M�H�Y�H�U�R�L�V�W�R�N�X�� �L��
presijeca nekoliko izrazitih depresija u kojim su izvedeni parcijalni nasipi. U svom donjem 
�G�L�M�H�O�X���W�R�N�D���N�D�Q�D�O���M�H���S�R�G���X�V�S�R�U�R�P���Y�H�O�L�N�L�K���Y�R�G�D���'�U�D�Y�H���W�H���M�H���V�W�R�J�D���L�]�J�U�D�ÿ�Hn nasip na desnoj 
�R�E�D�O�L�� �X�N�X�S�Q�H�� �G�X�O�M�L�Q�H�� �������� �N�P���� �8�ã�ü�H�� �V�H�� �Q�D�O�D�]�L�� �X�� �E�O�L�]�L�Q�L�� �Q�D�V�H�O�M�D�� �-�R�V�L�S�R�Y�D�F�� �J�G�M�H�� �V�H�� �X�O�L�M�H�Y�D�� �X��
�U�X�N�D�Y�D�F�� �6�W�D�U�X�� �'�U�D�Y�X���� �N�R�M�L�� �M�H�� �V�S�R�M�H�Q�� �V�� �U�L�M�H�N�R�P�� �'�U�D�Y�R�P���� �8�� �Q�R�Y�L�M�H�� �Y�U�L�M�H�P�H�� �L�]�Y�U�ã�H�Q�R�� �M�H��
�V�S�D�M�D�Q�M�H�� �3�R�J�D�Q�R�Y�D�þ�N�R-�N�U�D�Y�L�þ�N�R�J�� �N�D�Q�D�O�D�� �V�� �N�D�Q�D�O�R�P�� �&�U�Q�L�� �)�R�N���� �W�D�N�R���G�D dio poplavnih voda 
�P�R�å�H�� �R�W�M�H�F�D�W�L�� �L�� �W�U�D�V�R�P�� �&�U�Q�R�J�� �)�R�N�D���� �N�R�M�L�� �V�H���� �N�D�R�� �L�� �3�R�J�D�Q�R�Y�D�þ�N�R-�N�U�D�Y�L�þ�N�L�� �N�D�Q�D�O���� �X�O�L�M�H�Y�D�� �X��
�6�W�D�U�X���'�U�D�Y�X���N�R�G���9�L�ã�Q�M�H�Y�F�D�����V�D�P�R���Q�H�ã�W�R���Q�L�]�Y�R�G�Q�L�M�H�����W�H���Q�D���N�U�D�M�X���X���U�����'�U�D�Y�X�����2�Y�R���M�H���]�Q�D�þ�D�M�Q�R��
�]�D���O�L�M�H�Y�R���]�D�R�E�D�O�M�H���3�R�J�D�Q�R�Y�D�þ�N�R-�N�U�D�Y�L�þ�N�R�J���N�D�Q�D�O�D�����J�G�M�H���V�X���Srisutni problemi u slivu kanala 
�6�H�O�F�H�����Q�D�U�R�þ�L�W�R���X���V�U�H�G�L�ã�Q�M�H�P���Q�L�]�L�Q�V�N�R�P���S�R�G�U�X�þ�M�X�� 
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Slika 7. �8�U�H�ÿ�H�Q�M�H���3�R�J�D�Q�R�Y�D�þ�N�R-�N�U�D�Y�L�þ�N�R�J���N�D�Q�D�O�D���X���-�R�V�L�S�R�Y�F�X �± izvor: arhiva Hrvatskih voda 
Figure 7. �5�H�J�X�O�D�W�L�R�Q���R�I���3�R�J�D�Q�R�Y�D�þ�N�R-�N�U�D�Y�L�þ�N�R�J���F�D�Q�D�O���L�Q���-�R�V�L�S�R�Y�D�F���± source: Hrvatske vode archive 
 
 
�=�D�N�O�M�X�þ�D�N 
 
�6�L�Q�H�U�J�L�M�D�� �L�V�N�X�V�W�Y�D�� �L�]�� �S�U�H�W�K�R�G�Q�L�K�� �X�V�S�M�H�ã�Q�L�K�� �R�E�U�D�Q�D�� �R�G�� �S�R�S�O�D�Y�D���� �Q�H�S�U�H�V�W�D�Q�R�J�� �X�O�D�J�D�Q�M�D�� �X��
�S�R�E�R�O�M�ã�D�Q�M�H�� �S�R�V�W�R�M�H�ü�L�K�� �L�� �L�]�J�U�D�G�Q�M�D�� �Q�R�Y�L�K�� �Y�R�G�Q�L�K�� �J�U�D�ÿ�H�Y�L�Q�D�� �W�H�� �X�V�D�Y�U�ã�D�Y�D�Q�M�H�� �O�M�X�G�L�� �N�R�M�L��
�V�X�G�M�H�O�X�M�X�� �X�� �R�E�U�D�Q�L�� �R�G�� �S�R�S�O�D�Y�D�� �R�P�R�J�X�ü�X�M�H�� �X�V�S�M�H�ã�Q�R�� �I�X�Q�N�F�L�R�Q�L�U�D�Q�M�H�� �V�X�V�W�D�Y�D�� �]�D�ã�W�L�W�H�� �R�G��
poplava grada Osijeka. Poplave su prirodni fenomeni �þ�L�M�H�� �V�H�� �S�R�M�D�Y�H�� �Q�H�� �P�R�J�X�� �L�]�E�M�H�ü�L���� �D�O�L��
�S�R�G�X�]�L�P�D�Q�M�H�P�� �U�D�]�O�L�þ�L�W�L�K�� �S�U�H�Y�H�Q�W�L�Y�Q�L�K�� �P�M�H�U�D��rizici poplavljivanja mogu se svesti na 
prihvatljivu razinu. Iako su financijska ulaganja u sustav obrane od poplave velika, znatno 
�Y�H�ü�D�� �M�H���X�N�X�S�Q�D�� �ã�W�H�W�D �N�R�M�X�� �S�R�S�O�D�Y�D�� �S�U�R�X�]�U�R�þ�L���� �%orba protiv poplava je stalan proces, a 
priprema se �N�D�G�D���G�R���S�R�S�O�D�Y�H���M�R�ã���Q�L�M�H���G�R�ã�O�R�� 
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OSIJEK FL OOD PROTECTION SYSTEM 

UDC: 627.51(497.543) 

Tomislav Slunjski1�����0�D�U�L�M�D���â�S�H�U�D�F2 
 
1�&�U�R�D�W�L�D�Q���Z�D�W�H�U�V�����9�0�'���I�R�U���V�P�D�O�O���E�D�V�L�Q���³�9�X�N�D�´, Splavarska 2a, 31000 Osijek, Croatia 
2Josip Juraj Strossmayer University of Osijek, Faculty of Civil Engineering, Vladimira Preloga 3, 
31000 Osijek, Croatia 

professional paper 
Summary 

 
Flood protection, watercourse regulation and melioration activities in the water catchment area of 
the Drava and Danube basin have a long and rich tradition due to the fact that man's struggle in this 
region has lasted for centuries in order to protect the fertile lowland areas from the mountain waters 
of Krndija, Papuk and Bilogora and high water of the Mura, the Drava and the Danube. The 
beginnings of the organized water economy in Croatia were precisely tied to these premises by the 
establishment �R�I���©�'�U�X�ã�W�Y�D���]�D���U�H�J�X�O�D�F�L�M�X���U�L�H�N�H���9�X�N�H�ª���L�Q���������������O�H�G���E�\���%�L�V�K�R�S���-�����-�����6�Wrossmayer. The 
construction of the first Danube embankments dates back to the 18th century with the aim of 
protecting the lower part �R�I���%�D�U�D�Q�M�D���I�U�R�P���0�R�K�D�F�V���W�R���'�U�D�å�����$�G�Y�H�U�V�H�� �P�H�W�H�R�U�R�O�R�J�L�F�D�O���F�R�Q�G�Ltions and 
embankments with inadequate dimensions in the Danube basin have resulted in catastrophic 
flooding in 1964, 1965, 1966 and 1972. After these floods, and especially after the flood in 1965, 
significant investments were invested and the intensification of the construction of new 
embankments and the reconstruction of existing ones in order to protect the vulnerable areas, so 
today most of the embankments are stronger nd higher, with a greater degree of safety for flood 
protection. 
 
Keywords: flood protection, Danube, Drava, Osijek, Croatia 
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�.�$�.�9�2�û�$���9�2�'�(���2�'�9�2�'�1�2�*���.�$�1�$�/�$���.�$�5�$�â�,�&�$���.�2�'���3�2�3�2�9�&�$��
(13. R.KM) U RAZDOBLJU OD 2006. DO 2015. GODINE 

UDK: �������������������������������Ä�������������������³ 

�-�D�Q�M�D���+�R�U�Y�D�W�L�ü1�
�����9�H�V�Q�D���3�H�U�ã�L�ü1�����$�O�H�N�V�D�Q�G�U�D���.�R�þ�L�ü1,  
�'�R�U�D���+�R�U�Y�D�W�L�ü2, Irella Bogut2 

 
1�6�Y�H�X�þ�L�O�L�ã�W�H�� �-�R�V�L�S�D�� �-�X�U�M�D�� �6�W�U�R�V�V�P�D�\�H�U�D�� �X�� �2�V�L�M�H�N�X���� �2�G�M�H�O�� �]�D�� �E�L�R�O�R�J�L�M�X���� �&�D�U�D�� �+�D�G�U�L�M�Dna 8/A,  
31000 Osijek, Hrvatska 
2�6�Y�H�X�þ�L�O�L�ã�W�H�� �-�R�V�L�S�D�� �-�X�U�M�D�� �6�W�U�R�V�V�P�D�\�H�U�D�� �X�� �2�V�L�M�H�N�X���� �)�D�N�X�O�W�H�W�� �]�D�� �R�G�J�R�M�Q�H�� �L�� �R�E�U�D�]�R�Y�Q�H�� �]�Q�D�Q�R�V�W�L���� 
Cara Hadrijana 10, 31000 Osijek, Hrvatska 

�V�W�U�X�þ�Q�L��rad 
S�D�å�H�W�D�N 

 
�1�D�� �S�R�G�U�X�þ�M�X�� �%�D�U�D�Q�M�H�� �I�R�U�P�L�U�D�Q�L�� �V�X�� �E�U�R�M�Q�L�� �Y�R�G�R�W�R�F�L�� �L�� �N�D�Q�D�O�L�� �þ�L�M�D�� �M�H�� �J�O�D�Y�Q�D�� �X�O�R�J�D�� �R�G�Y�R�G�Q�M�D�� �V�X�Y�L�ã�Q�L�K��
�Y�R�G�D�� �V�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�R�J�� �]�H�P�O�M�L�ã�W�D���� �D�� �N�D�Q�D�O�� �.�D�U�D�ã�L�F�D�� �J�O�D�Y�Q�L�� �M�H�� �R�G�Y�R�G�Q�L�� �N�D�Q�D�O���� �6�W�R�J�D�� �V�X�� �X�� �V�Y�U�K�X��
�R�G�U�H�ÿ�L�Y�D�Q�M�D���N�D�N�Y�R�ü�H���Y�R�G�H���N�D�Q�D�O�D���N�R�G���P�M�H�V�W�D���3�R�S�R�Y�D�F�������������U���N�P�����L�V�W�U�D�å�H�Q�L���X���U�D�]�G�R�E�O�M�X������������-2015. 
�J�R�G�L�Q�H�� �U�H�å�L�P�� �N�L�V�L�N�D���� �R�U�J�D�Q�V�N�H�� �L�� �K�U�D�Q�M�L�Y�H�� �W�Y�D�U�L�� �W�H�� �P�L�N�U�R�E�L�R�O�R�ã�N�L�� �S�R�N�D�]�D�W�H�O�M�L���� �D�� �X�� ������������ �J�R�G�L�Q�L��
�P�D�N�U�R�I�L�W�V�N�D�� �Y�H�J�H�W�D�F�L�M�D���� �.�R�O�L�þ�L�Q�D�� �R�W�R�S�O�M�H�Q�R�J�� �N�L�V�L�N�D�� �X�� �Y�R�G�L�� �E�L�O�D�� �M�H�� �Y�H�ü�D�� �X�� �K�O�D�G�Q�L�M�H�P�� �G�L�M�H�O�X�� �J�R�G�L�Q�H��
���S�U�R�O�M�H�ü�H���L���M�H�V�H�Q�����L �]�Q�D�þ�D�M�Q�R���V�H���V�P�D�Q�M�L�Y�D�O�D���O�M�H�W�L���X�V�O�L�M�H�G���S�R�M�D�þ�D�Q�H���P�L�N�U�R�E�L�R�O�R�ã�N�H���U�D�]�J�U�D�G�Q�M�H���R�U�J�D�Q�V�N�H��
�W�Y�D�U�L���� �X�]�� �S�R�Y�H�ü�D�Q�H�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �D�P�R�Q�L�M-�1���� �6�� �G�U�X�J�H�� �V�W�U�D�Q�H���� �N�R�O�L�þ�L�Q�D�� �Q�L�W�U�D�W�D�� �E�L�O�D�� �M�H�� �Q�D�M�Y�H�ü�D�� �X��
�S�U�R�O�M�H�W�Q�L�P�� �P�M�H�V�H�F�L�P�D���� �ã�W�R�� �M�H�� �S�R�J�R�G�R�Y�D�O�R�� �U�D�]�Y�R�M�X�� �P�D�N�U�R�I�L�W�V�N�H�� �Y�H�J�H�W�D�F�L�M�H���� �7�D�N�R�� �M�H�� �X �S�U�R�O�M�H�ü�H�� ������������
godine bio razvijen submerzni tip vegetacije s 90 % pokrovnosti, dok je tijekom ljeta prevladavala 
slobodno-�S�O�L�Y�D�M�X�ü�D�� �Y�U�V�W�D��Lemna gibba, a ukupna pokrovnost makrofita bila je smanjena (40 %). 
�7�L�M�H�N�R�P���������������L���������������J�R�G�L�Q�H���X�W�Y�U�ÿ�H�Q�H���V�X���Q�D�M�Y�H�ü�H �Y�U�L�M�H�G�Q�R�V�W�L���N�H�P�L�M�V�N�H���L���E�L�R�O�R�ã�N�H���S�R�W�U�R�ã�Q�M�H���N�L�V�L�N�D����
Srednje vrijednosti ukupnog fosfora (3,947-0,666 mgP/L) i ortofosfata (1,194-0,323 mgP/L) su se 
�V�P�D�Q�M�L�Y�D�O�H�� �R�G�� ������������ �G�R�� ������������ �J�R�G�L�Q�H���� �P�H�ÿ�X�W�L�P�� �R�Q�H�� �V�X�� �L�� �G�D�O�M�H�� �Y�L�V�R�N�H�� �L�� �S�R�G�U�å�D�Y�D�M�X�� �S�R�Y�H�ü�D�Q�M�H��
eutrofikacije. Kakv�R�ü�D�� �Y�R�G�H�� �E�L�O�D�� �M�H�� �Y�U�O�R�� �S�U�R�P�M�H�Q�M�L�Y�D�� �W�L�M�H�N�R�P�� �S�R�M�H�G�L�Q�L�K�� �J�R�G�L�Q�D�� �L�� �R�Y�L�V�L�O�D�� �M�H�� �R��
promjenama klimatskih parametara i jakom antropogenom utjecaju. 
 
�.�O�M�X�þ�Q�H���U�L�M�H�þ�L�� �N�D�N�Y�R�ü�D���Y�R�G�H�����2�G�Y�R�G�Q�L���N�D�Q�D�O���.�D�U�D�ã�L�F�D�����P�D�N�U�R�I�L�W�D�����H�X�W�U�R�I�L�N�D�F�L�M�D 
 
Uvod 
 
�.�D�N�Y�R�ü�D���Y�R�G�H���M�H���Y�U�O�R���S�U�R�P�M�H�Q�M�L�Y�D���M�H�U���R�Y�L�V�L���R���ã�L�U�R�N�R�P���U�D�V�S�R�Q�X���S�U�L�U�R�G�Q�L�K���L���O�M�X�G�V�N�L�K���X�W�M�H�F�D�M�D�� 
�.�D�N�Y�R�ü�D�� �Y�R�G�H�� �G�D�Q�D�V�� �M�H�� �X�� �(�X�U�R�S�L�� �E�R�O�M�D�� �Q�H�J�R�� �S�U�L�M�H�� ����-�D�N�� �J�R�G�L�Q�D���� �Q�D�M�Y�L�ã�H�� �]�E�R�J�� �X�O�D�J�D�Q�M�D�� �X��
�V�X�V�W�D�Y�H�� �N�D�Q�D�O�L�]�D�F�L�M�H�� �J�U�D�G�V�N�L�K�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D���� �,�D�N�R�� �M�H�� �N�D�N�Y�R�ü�D�� �Y�R�G�H�� �S�R�E�R�O�M�ã�D�Q�D����
�R�S�W�H�U�H�ü�H�Q�R�V�W���Y�R�G�D���K�U�D�Q�M�L�Y�L�P���W�Y�D�U�L�P�D���L���G�D�O�M�H���M�H���S�U�R�E�O�H�P�����D���Q�D�M�Y�D�å�Q�L�M�L���S�U�L�W�L�V�F�L���N�R�M�L���X�W�M�H�þ�X���Q�D��
�H�N�R�O�R�ã�N�L�� �V�W�D�W�X�V�� �U�L�M�H�N�D�� �V�X�� �W�R�þ�N�D�V�W�L���� �U�D�V�S�U�ã�H�Q�L�� �L�]�Y�R�U�L�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� �L�� �K�L�G�U�R�P�R�U�I�R�O�R�ã�N�D��
�G�H�J�U�D�G�D�F�L�M�D�����+�H�U�L�Q�J���L���V�X�U���������������������3�R�G�U�X�þ�M�H���%�D�U�D�Q�M�H���Q�H�P�D���S�U�L�U�R�G�Q�R���U�D�]�Y�L�M�H�Q�X���K�L�G�U�R�J�U�D�I�V�N�X��
�P�U�H�å�X�����Y�H�ü���V�X���E�U�R�M�Q�L���Y�R�G�R�W�R�F�L���L���N�D�Q�D�O�L���X�P�M�H�W�Q�R���I�R�U�P�L�U�D�Q�L���X���F�L�O�M�X���R�G�Y�R�G�Q�M�H���V�X�Y�L�ã�Q�L�K���Y�R�G�D���V��
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�S�R�O�M�R�S�U�L�Y�U�H�G�Q�R�J�� �]�H�P�O�M�L�ã�W�D���� �-�H�G�L�Q�L�� �S�U�L�U�R�G�Q�L�� �Y�R�G�R�W�R�N�� �M�H�� �U�M�H�þ�L�F�D���S�R�W�R�N�� �.�D�U�D�ã�L�F�D���� �W�H�� �U�X�N�D�Y�F�L��
�V�W�D�U�L�K�� �N�R�U�L�W�D�� �'�U�D�Y�H�� �L�� �'�X�Q�D�Y�D���� �8�N�R�O�L�N�R�� �V�X�� �X�� �S�R�Y�U�ã�L�Q�V�N�L�P�� �N�R�S�Q�H�Q�L�P�� �Y�R�G�D�P�D�� �S�R�Y�H�ü�D�Q�H��
vrijednos�W�L�� �E�L�R�N�H�P�L�M�V�N�H�� �S�R�W�U�R�ã�Q�M�H�� �N�L�V�L�N�D�� ���%�3�.���� �L�� �N�H�P�L�M�V�N�H�� �S�R�W�U�R�ã�Q�M�H�� �N�L�V�L�N�D�� ���.�3�.����
�]�D�J�D�ÿ�H�Q�H�� �R�W�S�D�G�H�� �Y�R�G�H�� �R�S�W�H�U�H�ü�H�Q�H�� �V�X�� �R�U�J�D�Q�V�N�L�P�� �W�Y�D�U�L�P�D�� ���/�H�H�� �L�� �V�X�U������ �������������� �3�U�H�N�R�P�M�H�U�D�Q��
�X�Q�R�V���G�X�ã�L�N�D���L���I�R�V�I�R�U�D���X���Y�R�G�Q�D���W�L�M�H�O�D���X�]�U�R�N�X�M�H���S�R�Y�H�ü�D�Q�M�H���V�W�X�S�Q�M�D���W�U�R�I�L�M�H�����ã�W�R���P�R�å�H���G�R�Y�H�V�W�L���G�R��
�H�N�R�O�R�ã�N�L�K�� �S�U�R�P�M�H�Q�D�� �N�R�M�H�� �U�H�]�X�O�W�L�U�D�M�X�� �J�X�E�L�W�N�R�P�� �E�L�O�M�Q�L�K�� �L�� �å�L�Y�R�W�L�Q�M�V�N�L�K�� �Y�U�V�W�D���� �7�D�N�R�ÿ�H�U���� �P�D�O�H��
�U�D�]�O�L�N�H���X���Y�R�G�R�V�W�D�M�X�����W�H���ã�L�U�L�Q�L���L���G�X�E�L�Q�L���N�D�Q�D�O�D���P�R�J�X���X�W�M�H�F�D�W�L���Q�D���N�R�Q�F�H�Q�W�U�D�F�L�M�X���K�U�D�Q�M�L�Y�L�K���W�Y�D�U�L���L��
�U�D�]�Y�R�M�� �Y�R�G�H�Q�H�� �P�D�N�U�R�I�L�W�V�N�H�� �Y�H�J�H�W�D�F�L�M�H�� ���.�R�þ�L�ü�� �L�� �V�X�U��, 2008). Indikatori fekalno�J�� �]�D�J�D�ÿ�H�Q�M�D��
su koliformne bakterije, a mogu biti aerobne ili fakultativno anaerobne. Prema otpornosti 
na temperaturu dijele se na ukupne i fekalne koliformne bakterije (Kuna i sur., 2014). 
�&�L�O�M�� �R�Y�R�J�D�� �U�D�G�D�� �E�L�R�� �M�H�� �R�G�U�H�G�L�W�L�� �N�D�N�Y�R�ü�X�� �Y�R�G�H�� �2�G�Y�R�G�Q�R�J�� �N�D�Q�D�O�D�� �.�D�U�D�ã�Lca u Baranji kod 
mjesta Popovac (13. r.km) na temelju fizikalno-kemijskih svojstava vode (2006.-2015.) i 
�P�L�N�U�R�E�L�R�O�R�ã�N�L�K���S�R�N�D�]�D�W�H�O�M�D��������������-���������������W�H���X���S�U�R�O�M�H�ü�H���L���O�M�H�W�R���������������J�R�G�L�Q�H���R�G�U�H�G�L�W�L���V�D�V�W�D�Y��
vodene makrofitske vegetacije. 
 
Materijali i metode 
 
�3�R�G�U�X�þ�M�H���L�V�W�U�D�å�L�Y�D�Q�M�D 
 
�,�V�W�U�D�å�L�Y�D�Q�L�� �O�R�N�D�O�L�W�H�W�� �2�G�Y�R�G�Q�R�J�� �N�D�Q�D�O�D�� �.�D�U�D�ã�L�F�D�� �N�R�G�� �P�M�H�V�W�D�� �3�R�S�R�Y�D�F�� �X�� �%�D�U�D�Q�M�L�� �Q�D�O�D�]�L�� �V�H�� �Q�D�� 
�������� �U���N�P�� ���6�O�L�N�D�� �������� �2�G�O�X�N�R�P�� �9�O�D�G�H�� �5�H�S�X�E�O�L�N�H�� �+�U�Y�D�W�V�N�H�� �2�G�Y�R�G�Q�L�� �N�D�Q�D�O�� �.�D�U�D�ã�L�F�D�� �X�� �%�D�U�D�Q�M�L��
�V�Y�U�V�W�D�Q���M�H���X���3�R�S�L�V���Y�R�G�D���,�����U�H�G�D�����X���P�H�ÿ�X�G�U�å�D�Y�Q�H���Y�R�G�H���L���X�P�Metna vodna tijela (Narodne novine, 
���������������������2�G�Y�R�G�Q�L���N�D�Q�D�O���.�D�U�D�ã�L�F�D���S�U�L�S�D�G�D���Y�R�G�Q�R�P���S�R�G�U�X�þ�M�X���U�L�M�H�N�H���'�X�Q�D�Y�����S�R�G�U�X�þ�M�X���S�R�G�V�O�L�Y�D��
rijeka Drave i Dunava, ektotipu HR-�5�B���$�����Q�H�S�R�V�U�H�G�Q�H���V�O�L�Y�Q�H���S�R�Y�U�ã�L�Q�H�������������N�P2. 
 

 
 
 

Slika 1. �3�U�L�N�D�]���Y�R�G�R�W�R�N�D���X���V�O�L�Y�Q�R�P���S�R�G�U�X�þ�M�X���2�G�Y�R�G�Q�R�J���N�D�Q�D�O�D���.�D�U�D�ã�L�F�D 
Figure 1. �:�D�W�H�U�F�R�X�U�V�H�V���L�Q���W�K�H���F�D�W�F�K�P�H�Q�W���D�U�H�D���R�I���W�K�H���'�U�D�L�Q�D�J�H���&�D�Q�D�O���.�D�U�D�ã�L�F�D 

postaja 
Popovac 
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Fizikalno-kemijska svojstva vode 
 

�8�� �2�G�Y�R�G�Q�R�P�� �N�D�Q�D�O�X�� �.�D�U�D�ã�L�F�D�� �N�R�G�� �3�R�S�R�Y�F�D�� ���������� �U���N�P���� �+�U�Y�D�W�V�N�H�� �Y�R�G�H�� �V�X�V�W�D�Y�Q�R�� �S�U�R�Y�R�G�H��
�P�R�Q�L�W�R�U�L�Q�J�����R�G�Q�R�V�Q�R���M�H�G�Q�R�P���P�M�H�V�H�þ�Q�R���X�]�R�U�N�X�M�X���S�R�Y�U�ã�L�Q�V�N�X���Y�R�G�X���L���S�U�D�W�H���V�W�D�Q�M�H���V�X�N�O�D�G�Q�R���=�D�N�R�Q�X��
�R���Y�R�G�D�P�D�����1�1�������������������=�D���X�W�Y�U�ÿ�L�Y�D�Q�M�H���N�D�N�Y�R�ü�H���Y�R�G�H���D�Q�D�O�L�]�L�U�D�Q�L���V�X���S�R�G�D�F�L���G�R�E�L�Y�H�Q�L���R�G���+�U�Y�D�W�V�N�L�K��
voda, VGO za Dunav i donju Dravu Osijek za razdoblje 2006.-2015. godine�����3�R�P�R�ü�X���D�Q�D�O�L�W�L�þ�N�L�K��
�P�H�W�R�G�D�� �]�D�� �D�Q�D�O�L�]�X�� �I�L�]�L�N�D�O�Q�R�� �N�H�P�L�M�V�N�L�K�� �S�R�N�D�]�D�W�H�O�M�D�� �N�D�N�Y�R�ü�H�� �Y�R�G�D�� �P�M�H�U�H�Q�L�� �V�X���� �S�+�� ���+�5�1�� �,�6�2��
10523:2012), BPK5 (HRN EN 1899-1:2004), KPK-Mn (HRN ISO 15705:2003), amonijak (HRN 
ISO 7150-1:1998), nitrati (HRN ISO 7890-�������������������X�N�X�S�Q�L���G�X�ã�L�N�����+�5N ISO 5663:2001+NO2-
N+NO3-N), o-fosfati (HRN ISO 6878:2008) i ukupni fosfor (HRN ISO 6878:2008). Kategorije 
�H�N�R�O�R�ã�N�R�J�� �V�W�D�Q�M�D�� �Q�D�� �W�H�P�H�O�M�X�� �S�R�N�D�]�D�W�H�O�M�D�� �R�V�Q�R�Y�Q�L�K�� �I�L�]�L�N�D�O�Q�R-kemijskih i kemijskih elemenata 
�N�D�N�Y�R�ü�H���R�G�U�H�ÿ�H�Q�H���V�X���S�U�H�P�D���8�U�H�G�E�L���R���V�W�D�Q�G�D�U�G�X���N�D�N�Y�R�ü�H���Y�R�G�D (NN 66/19), Tablica 1. 
 

Tablica 1. �*�U�D�Q�L�þ�Q�H�� �Y�U�L�M�H�G�Q�R�V�W�L�� �H�N�R�O�R�ã�N�R�J�� �V�W�D�Q�M�D�� �]�D�� �R�V�Q�R�Y�Q�H�� �I�L�]�L�N�D�O�Q�R-kemijske pokazatelje �± 
vrijednosti 50-�R�J���S�H�U�F�H�Q�W�L�O�D�����1�1�����������������8�U�H�G�E�D���R���V�W�D�Q�G�D�U�G�X���N�D�N�Y�R�ü�H���Y�R�G�D�� 

Table 1. Borderline values for assessing ecological status according to the fundamental physical and 
chemical indicators - values of the 50th percentile (NN 66/19, Regulation on water quality standard) 

 

Ekoregija 
Panonska 
HR-R_2a 

 Zakiseljenost �5�H�å�L�P���N�L�V�L�N�D Hranjive tvari  
Kategorija 
�H�N�R�O�R�ã�N�R�J���V�W�D�Q�M�D pH BPK5 KPK-Mn Amonij Nitrati Ukupni 

N o-fosfati Ukupni 
P 

Vrlo dobro 7,4 �± 8,5 2 2,5 0,1 1 1,4 0,09 0,13 
Dobro 8,5 �± 9,0 5 5,5 0,3 2 2,6 0,2 0,3 

 

�0�L�N�U�R�E�L�R�O�R�ã�N�D���D�Q�D�O�L�]�D���Y�R�G�H 
 

�0�L�N�U�R�E�L�R�O�R�ã�N�L���S�R�N�D�]�D�W�H�O�M�L���R�G�U�H�ÿ�L�Y�D�Q�L���V�X���M�H�G�Q�R�P�� �P�M�H�V�H�þ�Q�R���X�� �Y�R�G�L�� �2�G�Y�R�G�Q�R�J�� �N�D�Q�D�O�D���.�D�U�D�ã�L�F�D��
na �P�M�H�U�Q�R�M�� �S�R�V�W�D�M�L�� �3�R�S�R�Y�D�F�� �X�� �U�D�]�G�R�E�O�M�X�� �R�G�� ������������ �G�R�� ������������ �J�R�G�L�Q�H���� �D�� �S�R�G�D�W�F�L�� �V�X�� �W�D�N�R�ÿ�H�U��
�G�R�E�L�Y�H�Q�L���R�G���+�U�Y�D�W�V�N�L�K�� �Y�R�G�D�����9�R�G�Q�R�J�R�V�S�R�G�D�U�V�N�L���R�G�M�H�O���]�D���'�X�Q�D�Y���L���G�R�Q�M�X���'�U�D�Y�X�����2�G�U�H�ÿ�L�Y�D�Q���M�H��
broj ukupnih koliforma (HRN EN ISO 9608-1:2014), fekalnih koliforma (*HRN EN ISO 
9308-���������������L���L�V�S�U���������������������L���D�H�U�R�E�Q�L�K���E�D�N�W�H�U�L�M�D���������ƒ�&�����
�+�5�1���(�1���,�6�2������������������������ 
 

Vodena makrofitska vegetacija 
 

�8�]�R�U�N�R�Y�D�Q�M�H���P�D�N�U�R�I�L�W�V�N�H���Y�H�J�H�W�D�F�L�M�H���S�U�R�Y�H�G�H�Q�R���M�H���X���������������J�R�G�L�Q�L���R�G�D�E�L�U�R�P���R�G�V�M�H�þ�N�D���R�E�D�O�H��
�2�G�Y�R�G�Q�R�J�� �N�D�Q�D�O�D���.�D�U�D�ã�L�F�D���X�M�H�G�Q�D�þ�H�Q�L�K�� �H�N�R�O�R�ã�N�L�K���S�U�L�O�L�N�D�����'�X�O�M�L�Q�D���R�G�V�M�H�þ�N�D���L�]�Q�R�V�L�O�D���M�H��������
m. Biljke su sakupljane direktno branjem iz vode i grabljama. Proljetno uzorkovanje 
obavljeno je lipnju, a ljetno u kolovozu 2015. godine. Popisane su sve vrste makrofita i 
�S�U�R�F�L�M�H�Q�M�H�Q�D�� �M�H�� �Q�M�L�K�R�Y�D�� �]�D�V�W�X�S�O�M�H�Q�R�V�W�� �S�R�P�R�ü�X�� �S�H�W�H�U�Rstupanjske skale prema Kohleru 
(Narodne novine, 73/13, 151/14 i 78/15). 
 

Rezultati i rasprava 
 

�5�H�å�L�P���N�L�V�L�N�D���L���K�U�D�Q�M�L�Y�H���W�Y�D�U�L 
 

�.�D�N�Y�R�ü�D���Y�R�G�H���E�L�O�D���M�H���W�L�M�H�N�R�P���L�V�W�U�D�å�L�Y�D�Q�R�J���U�D�]�G�R�E�O�M�D���Y�U�O�R���S�U�R�P�M�H�Q�M�L�Y�D�����6�O�L�N�H�������L���������7�D�E�O�L�F�D���������L��
�R�Y�L�V�L�O�D�� �M�H�� �R�� �S�U�R�P�M�H�Q�D�P�D�� �N�O�L�P�D�W�V�N�L�K�� �S�D�U�D�P�H�W�D�U�D���� �D�O�L�� �L�� �M�D�N�R�P�� �D�Q�W�U�R�S�R�J�H�Q�R�P�� �X�W�M�H�F�D�M�X���� �9�H�ü�D��
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�N�R�O�L�þ�L�Q�D���R�W�R�S�O�M�H�Q�R�J���N�L�V�L�N�D���X���Y�R�G�L���L�]�P�M�H�U�H�Q�D���M�H���X���K�O�D�G�Q�L�M�H�P���G�L�M�H�O�X���J�R�G�L�Q�H��i smanjivala se ljeti, a 
�V�U�H�G�Q�M�D���Y�U�L�M�H�G�Q�R�V�W���]�D�V�L�ü�H�Q�R�V�W�L���Y�R�G�H���N�L�V�L�N�R�P���E�L�O�D���M�H���Q�D�M�P�D�Q�M�D�����������������������Q�D���S�R�þ�H�W�N�X���L�V�W�U�D�å�L�Y�D�Q�R�J��
razdoblja (Tablica 3). Prema vrijednostima 50-�W�R�J���S�H�U�F�H�Q�W�L�O�D���E�L�R�O�R�ã�N�H���S�R�W�U�R�ã�Q�M�H���N�L�V�L�N�D�����%�3�.5, 
mgO2���O������ �G�R�E�U�R���H�N�R�O�R�ã�N�R���V�W�D�Q�M�H���S�R�V�W�L�J�Q�X�W�R��je u razdoblju 2009.-2011. te 2013.-2015. godine. 
�3�U�H�P�D���N�H�P�L�M�V�N�R�M���S�R�W�U�R�ã�Q�M�L���N�L�V�L�N�D�����.�3�.-Mn, mg O2���O�����G�R�E�U�R���H�N�R�O�R�ã�N�R���V�W�D�Q�M�H���X�W�Y�U�ÿ�H�Q�R���M�H���V�D�P�R��
�X���������������J�R�G�L�Q�L�����G�R�N���X���R�V�W�D�O�L�P���J�R�G�L�Q�D�P�D���Q�L�M�H���S�R�V�W�L�J�Q�X�W�R���G�R�E�U�R���V�W�D�Q�M�H�����7�D�E�O�L�F�D�����������8�W�Y�U�ÿ�H�Q�D���M�H��
�V�W�D�W�L�V�W�L�þ�N�L�� �]�Q�D�þ�D�M�Q�D�� �Q�H�J�D�W�L�Y�Q�D�� �N�R�U�H�O�D�F�L�M�D�� �L�]�P�H�ÿ�X�� �R�W�R�S�O�M�H�Q�R�J�� �N�L�V�L�N�D�� �L�� �.�3�.-Mn (r = -0,254;  
p =0,006), amonijaka (r = -���������������S��� �����������������L���R�U�J�D�Q�V�N�R�J���G�X�ã�L�N�D�����U��� ��-0,199; p = 0,037). Prema 
vrijednostima pH (7,4-���������� �Y�R�G�D�� �2�G�Y�R�G�Q�R�J�� �N�D�Q�D�O�D�� �E�L�O�D�� �M�H�� �X�� �Q�H�X�W�U�D�O�Q�R�P�� �G�R�� �E�O�D�J�R�� �O�X�å�Q�D�W�R�P��
�S�R�G�U�X�þ�Mu, a vrijednosti 50-tog percentila za pH ukazuju na vrlo dobro stanje vode u cijelom  
10-�J�R�G�L�ã�Q�M�H�P���U�D�]�G�R�E�O�M�X�����7�D�E�O�L�F�D�������� 

 
Slika 2. �0�M�H�V�H�þ�Q�H���Y�U�L�M�H�Q�R�V�W�L���E�L�R�O�R�ã�N�H�����%�3�.5, mg O2���O�����L���N�H�P�L�M�V�N�H���S�R�W�U�R�ã�Q�M�H���N�L�V�L�N�D�����.�3�.-Mn, mg O2/l) u 

�2�G�Y�R�G�Q�R�P���N�D�Q�D�O�X���.�D�U�D�ã�L�F�D���N�R�G��Popovca u razdoblju 2006-�������������J�R�G�L�Q�H�����&�U�W�D���R�]�Q�D�þ�D�Y�D���O�L�Q�L�M�X���W�U�H�Q�G�D�����3�!������������ 
Figure 2. Monthly values of biological (BOD5, mg O2/l) and chemical oxygen demand (COD-Mn, mg O2/l) 

�L�Q���W�K�H���'�U�D�L�Q�D�J�H���&�D�Q�D�O���.�D�U�D�ã�L�F�D���Q�H�D�U���3�R�S�R�Y�D�F���I�U�R�P�������������W�R���������������7�K�H���O�L�Q�H���G�H�Q�R�W�H�V a trend line (P> 0.05). 
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�9�U�L�M�H�G�Q�R�V�W�L�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H���D�P�R�Q�L�M�D�N�D���X�� �2�G�Y�R�G�Q�R�P�� �N�D�Q�D�O�X���.�D�U�D�ã�L�F�D���N�R�G���3�R�S�R�Y�F�D���S�U�H�O�D�]�L�O�H��
su u razdoblju 2006.-2015. godine dozvoljenu vrijednost 50-�W�R�J�� �S�H�U�F�H�Q�W�L�O�D�� �]�D�� �H�N�R�O�R�ã�N�X��
�N�D�W�H�J�R�U�L�M�X�� �G�R�E�U�R�J�� �H�N�R�O�R�ã�N�R�J�� �V�W�D�Q�M�D (Tablica 1 i 2), a �Q�D�M�Y�H�ü�D�� �Y�U�L�M�H�G�Q�R�V�W�� ������������ �P�J���O����
�X�W�Y�U�ÿ�H�Q�D���M�H���X���������������J�R�G�L�Q�L (Slika 3, T�D�E�O�L�F�D�����������1�D�M�Y�L�ã�H���Y�U�L�M�H�G�Q�R�V�W�L���D�P�R�Q�L�M�D�N�D���L�]�P�M�H�U�H�Q�H���V�X��
u ljetnim mjesecima (srpanj-�N�R�O�R�Y�R�]������ �ã�W�R�� �P�R�å�H�� �E�L�W�L�� �S�R�V�O�M�H�G�L�F�D�� �S�R�M�D�þ�D�Q�H�� �E�D�N�W�H�U�L�M�V�N�H��
�U�D�]�J�U�D�G�Q�M�H�� �Q�D�W�D�O�R�å�H�Q�H�� �R�U�J�D�Q�V�N�H�� �W�Y�D�U�L�� �X�� �V�H�G�L�P�H�Q�W�X�� �þ�H�P�X�� �V�X�� �S�R�J�R�G�R�Y�D�O�H�� �Y�L�V�R�N�H�� �O�M�H�W�Q�H��
�W�H�P�S�H�U�D�W�X�U�H�����3�U�H�P�D���X�W�Y�U�ÿ�H�Q�L�P���Y�U�L�M�H�G�Q�R�V�W�L�P�D���Q�L�W�U�D�W�D����Slika 3) i 50-tom percentilu za nitrate 
(T�D�E�O�L�F�D�����������Y�U�O�R���G�R�E�U�R���H�N�R�O�R�ã�N�R���V�W�D�Q�M�H���X�W�Y�U�ÿ�H�Q�R���M�H���X���U�D�]�G�R�E�O�M�X������������-2007. godine, 2009. 
godine, 2011.-2012. te 2014. godine, a d�R�E�U�R���H�N�R�O�R�ã�N�R���V�W�D�Q�M�H���X������������ godini, 2010. i 2015. 
�J�R�G�L�Q�L���� �9�U�L�M�H�G�Q�R�V�W�L�� �X�N�X�S�Q�R�J�� �G�X�ã�L�N�D�� ������������ �G�R�� ���������� �P�J�� �1���O���� �L�� �X�N�X�S�Q�R�J�� �I�R�V�I�R�U�D�� ����������-3,4 
�P�J�3���O���� �E�L�O�H�� �V�X�� �Q�D�M�Y�H�ü�H�� �Q�D�� �S�R�þ�H�W�N�X�� �L�V�W�U�D�å�L�Y�D�Q�R�J�� �U�D�]�G�R�E�O�M�D�� ���6�O�L�N�D�� ������ �7ablica 3). Prema 
�J�U�D�Q�L�þ�Q�L�P�� �Y�U�L�M�H�G�Q�R�V�W�L�P�D�� �H�N�R�O�R�ã�N�R�J�� �V�W�D�Q�M�D�� �]�D�� �X�N�X�S�Q�L�� �G�X�ã�L�N�� ���1�1�� �������������� �G�R�E�U�R�� �H�N�R�O�R�ã�N�R��
�V�W�D�Q�M�H���E�L�O�R���M�H���X���������������L���������������J�R�G�L�Q�L�����G�R�N���X���R�V�W�D�O�L�P���L�V�W�U�D�å�L�Y�D�Q�L�P���J�R�G�L�Q�D�P�D���H�N�R�O�R�ã�N�R���V�W�D�Q�M�H��
nije bilo dobro. 
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Slika 3. �0�M�H�V�H�þ�Q�H���Y�U�L�M�H�G�Q�R�V�W�L���X�N�X�S�Q�R�J���I�R�V�I�R�U�D�����R�U�W�R�I�R�V�I�D�W�D�����P�J�3���O�������X�N�X�S�Q�R�J���G�X�ã�L�N�D�����D�P�R�Q�Ljaka i 

�Q�L�W�U�D�W�D�����P�J�1���O�����L���X���2�G�Y�R�G�Q�R�P���N�D�Q�D�O�X���.�D�U�D�ã�L�F�D�����3�R�S�R�Y�D�F�����X���U�D�]�G�R�E�O�M�X����������.-2010. godine.  
�&�U�W�D���R�]�Q�D�þ�D�Y�D���O�L�Q�L�M�X���W�U�H�Q�G�D�����3�!����������. 

Figure 3. Monthly values of total phosphorus, orthophosphate (mg P/l), total nitrogen, ammonia, 
�D�Q�G���Q�L�W�U�D�W�H�����P�J���1���O�����F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���L�Q���W�K�H���'�U�D�L�Q�D�J�H���&�D�Q�D�O���.�D�U�D�ã�L�F�D���Q�H�D�U���3�R�S�R�Y�D�F���I�U�R�P�������������W�R��

2015. The line denotes a trend line (P> 0.05). 
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Tablica 2. �9�U�L�M�H�G�Q�R�V�W�L�������������S�H�U�F�H�Q�W�L�O�D���]�D���S�U�R�F�M�H�Q�X���H�N�R�O�R�ã�N�R�J���V�W�D�Q�M�D���N�D�Q�D�O�D���.�D�U�D�ã�L�F�D���N�R�G���3�R�S�R�Y�F�D��
prema osnovnim fizikalno kemijskim pokazateljima u razdoblju 2006.-2015. godine 

Table 2. Values of the 50th percentile for assessing the ecological status of the Drainage Canal 
�.�D�U�D�ã�L�F�D���Q�H�D�U���3�R�S�R�Y�D�F���D�F�F�R�U�G�L�Q�J���W�R���W�K�H���I�X�Q�G�D�P�H�Q�W�D�O���S�K�\�V�L�F�D�O���D�Q�G���F�K�H�P�L�F�D�O���L�Q�G�L�F�D�W�R�U�V���L�Q��
the period 2006-2015 

 

God. 
 

�5�H�å�L�P���N�L�V�L�N�D Hranjive tvari 
pH BPK5 KPK-Mn Amonij Nitrati Ukupni N o-fosfati Ukupni P 

 mgO2/l mg N/l mgP/l 
2006. 7,85  10,8 13,30 0,54 0,791 3,894 1,345 2,439 
2007. 7,57 6,55 7,35 1,25 0,904 3,597 0,393 1,399 
2008. 7,76 5,85 8,22 0,49 1,356 3,086 0,397 1,004 
2009. 7,58 4,80 9,00 0,38 1,356 1,45 0,455 0,646 
2010. 7,81 4,50 5,80 0,32 1,32 2,254 0,198 0,374 
2011. 7,72 4,11 5,65 0,35 0,823 2,955 0,275 0,505 
2012. 7,63 5,75 10,90 0,80 0,167 3,297 0,838 1,38 
2013. 7,61 4,05 5,30 1,062 2,454 3,4195 0,275 0,861 
2014. 7,71 4,14 5,70 1,009 0,575 3,338 0,647 0,71 
2015. 8,00 3,40 6,85 0,458 1,54 3,705 0,228 0,428 

 
Tablica 3. Minimalne, maksimalne i srednje vrijednosti fizikalnih i kemijskih parametara vode 

�2�G�Y�R�G�Q�R�J���N�D�Q�D�O�D���.�D�U�D�ã�L�F�D���N�R�G���3�R�S�R�Y�F�D���X���U�D�]�G�R�E�O�M�X������������-2015. godine 
Table 3. Minimum, maximum and average values of the physical and chemical water parameters of 

the Drainag�H���&�D�Q�D�O���.�D�U�D�ã�L�F�D���Q�H�D�U���3�R�S�R�Y�D�F���L�Q���W�K�H���S�H�U�L�R�G����������-2015 
 
Godina 2006. 2007. 2008. 2009. 2010. 2011. 2012. 2013. 2014. 2015. 

Temp. 
vode, oC 

4,2-
28,3 
(17,13) 

3,3-
24,6 
(14,47) 

5-23,2 
(15,12) 

3,6-21,8 
(15,431) 

1-25,1 
(14,338
) 

0,8-
22,2 
(11,972
) 

4,1-
23,5 
(15,125
) 

3,3-
27,2 
(15,8) 

6,9-24 
(16,15) 

3,2-
26,9 
(13,483
) 

O2 
(mgO2/l) 

1-8,2 
(2,84) 

2,7-8,4 
(5,53) 

3-13,3 
(7,92) 

3,2-9 
(5,162) 

2,4-14 
(8,069) 

2,9-
11,6 
(7,508) 

2,5-8,9 
(5,475) 

2,2-8,5 
(4,2) 

1,5-9,3 
(4,39) 

1,9-
11,8 
(7,55) 

�=�D�V�L�ü�H�Q�M
e 
O2 (%) 

10,8- 
81,3 

28,6-
73,9 

32,57-
113 

33,5-
100,9 

25,9-
124,7 

29,6-
97,8 

22,5-
90,5 

22,3-
71,6 

17,3-
76,4 

21,7-
94,7 

BPK5 
mgO2/l 

0,5-
15,5 

2,1-
10,1 

4,1-
10,4 1,3-9,1 

1,8-
10,8 2,1-7,3 

1,6-
19,6 3,1-9,3 

2,27-
,14 1,4-9,5 

KPK-
Mn 
(mgO2/l) 

7,9-
17,1 

5,4-
12,4 

4,5-
11,4 

5,7-11,6 3,5-
13,4 

3,7-10 5,4-
23,3 

4,8-9,2 3,1-
10,2 

2,8-
12,3 

Amonij 
(mg N/l) 

0,1- 
4,6 

0,1- 
3,0 

0,1- 
1,8 

0,12- 
0,9 

0,03-
1,37 

0,12-
1,12 

0,08-
2,69 

0,27-
5,29 

1,15- 
3,5 

0,01-
3,32 

Nitrati 
(mg N/l) 

0,23- 
4,07 

0,45-
1,81 

0,68-
1,81 

0,1-
7,224 

0,1-
3,718 

0,1- 
3,16 

0,1-
0,642 

0,70-
5,19 

0,1- 
2,72 

0,04- 
4,8 

Ukupni 
N (mg/l) 

2,23- 
10,6 

1,058-
6,8 

1,91-
7,54 

0,86-
8,51 

0,65-
4,33 

1,02-
4,26 

1,28-
5,33 

1,90-
6,48 

1,94-
5,06 

0,89-
5,51 

o-fosfati 
(mg P/l) 

0,24- 
1,74 

0,07-
1,01 

0,23-
1,23 

0,14-
0,71 

0,1- 
0,71 

0,16-
0,98 

0,1- 
1,25 

0,28- 
1,6 

0,1- 
1,52 

0,04- 
0,98 

Ukupni 
P 
(mgP/l) 

0,72- 
3,4 

0,46- 
2,56 

0,46-
7,86 

0,29- 
1,51 

0,23- 
0,97 

0,29- 
1,4 

0,3- 
1,85 

0,22- 
2,12 

0,12- 
1,8 

0,14- 
2,62 
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Vrijednosti ortofosfata i ukupnog fosfora u cijelom su 10-�J�R�G�L�ã�Q�M�H�P�� �U�D�]�G�R�E�O�M�X�� ���R�V�L�P�� �R-
�I�R�V�I�D�W�D�� �X�� ������������ �J�R�G�L�Q�L���� �Y�L�ã�H�V�W�U�X�N�R�� �S�U�H�O�D�]�L�O�H���J�U�D�Q�L�F�H�� �G�R�E�U�R�J�� �H�N�R�O�R�ã�N�R�J�� �V�W�D�Q�M�D�� ���8�U�H�G�E�D�� �R��
�V�W�D�Q�G�D�U�G�X���N�D�N�Y�R�ü�H���Y�R�G�D�����1�1�������������������D�O�L���V�X���V�H���R�G���������������S�U�H�P�D���������������J�R�G�L�Q�L���V�P�D�Q�M�L�Y�D�O�H�����ã�W�R��
pokazuju i linije trenda (Slika 3). Smanjenje hranjivih tvari vjerojatno je posljedica boljeg 
�S�U�R�þ�L�ã�ü�D�Y�D�Q�M�D���R�W�S�D�G�Q�L�K���Y�R�G�D���X���%�H�O�R�P���0�D�Q�D�V�W�L�U�X���Q�D�N�R�Q���L�]�J�U�D�G�Q�M�H���X�U�H�ÿ�D�M�D���]�D���S�U�R�þ�L�ã�ü�D�Y�D�Q�M�H����
�0�H�ÿ�X�W�L�P�����L�]�P�M�H�U�H�Q�H���Y�U�L�M�H�G�Q�R�V�W�L���R�U�W�R�I�R�V�I�D�W�D���L���X�N�X�S�Q�R�J���I�R�V�I�R�U�D����Slika 3, Tablica 3) ukazuju 
�G�D���M�H���R�Q�H�þ�L�ã�ü�H�Q�M�H���L���G�D�O�M�H���S�U�L�V�X�W�Q�R���L���S�R�N�D�]�D�W�H�O�M���V�X���H�X�W�U�R�I�L�N�D�F�L�M�H�� 
 
�0�L�N�U�R�E�L�R�O�R�ã�N�D���D�Q�D�O�L�]�D���Y�R�G�H 
 
�0�L�N�U�R�E�L�R�O�R�ã�N�R���R�S�W�H�U�H�ü�H�Q�M�H�� �2�G�Y�R�G�Q�R�J�� �N�D�Q�D�O�D�� �.�D�U�D�ã�L�F�D�� �N�R�G�� �3�R�S�R�Y�F�D�� �V�H�� �V�P�D�Q�M�L�Y�D�O�R�� �R�G��
2006. prema 2009. godini (T�D�E�O�L�F�D�� �������� �ã�W�R�� �V�H�� �W�D�N�R�ÿ�H�U�� �P�R�å�H�� �S�U�L�S�L�V�D�W�L�� �X�Y�R�ÿ�H�Q�M�X�� ������ �V�W�X�S�Q�M�D��
�S�U�R�þ�L�ã�ü�D�Y�D�Q�M�D�� �N�R�P�X�Q�D�O�Q�L�K�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D�� �J�U�D�G�D�� �%�H�O�R�J�� �0�D�Q�D�V�W�L�U�D���� �0�H�ÿ�X�W�L�P���� �E�U�R�M�� �X�N�X�S�Q�L�K��
koliforma i fekaln�L�K�� �N�R�O�L�I�R�U�P�D�� �G�R�V�W�L�]�D�R�� �M�H�� �X�� �Y�R�G�L�� �N�D�Q�D�O�D�� �.�D�U�D�ã�L�F�D�� �Y�U�L�M�H�G�Q�R�V�W�� �R�G�� ��������
000/100 ml (Tablica 4). �2�W�S�D�G�Q�H�� �Y�R�G�H�� �P�R�U�D�M�X�� �Q�D�N�R�Q�� �S�U�R�þ�L�ã�ü�D�Y�D�Q�M�D�� �S�R�V�W�L�ü�L�� �R�G�J�R�Y�D�U�D�M�X�ü�L��
�V�W�X�S�Q�M�� �S�U�R�þ�L�ã�ü�D�Y�D�Q�M�D�� �V�� �R�E�]�L�U�R�P�� �Q�D�� �P�L�N�U�R�E�L�R�O�R�ã�N�H�� �S�R�N�D�]�D�W�H�O�M�H���� �R�G�Q�R�V�Q�R�� �Q�H�� �V�P�L�M�X�� �S�U�H�O�D�]�L�W�L��
�J�U�D�Q�L�þ�Q�H�� �Y�U�L�M�H�G�Q�Rsti od 10 000/100 ml koliformnih bakterija i 2000/100 ml koliformnih 
�E�D�N�W�H�U�L�M�D�� �I�H�N�D�O�Q�R�J�� �S�R�G�U�L�M�H�W�O�D�� �G�D�� �E�L�� �P�R�J�O�H�� �E�L�W�L�� �L�V�S�X�ã�W�H�Q�H�� �X�� �S�R�Y�U�ã�L�Q�V�N�H�� �Y�R�G�H�� ���3�U�D�Y�L�O�Q�L�N�� �R��
�J�U�D�Q�L�þ�Q�L�P�� �Y�U�L�M�H�G�Q�R�V�W�L�P�D�� �R�S�D�V�Q�L�K�� �L�� �G�U�X�J�L�K�� �R�W�S�D�G�Q�L�K�� �W�Y�D�U�L�� �X�� �R�W�S�D�G�Q�L�P�� �Y�R�G�D�P�D���� �1�1��
94/2008). Fekalni kol�L�I�R�U�P�L���L�Q�G�L�N�D�W�R�U�L���V�X���I�H�N�D�O�Q�R�J���R�Q�H�þ�L�ã�ü�H�Q�M�D���L���S�R�Y�H�]�D�Q�L���V�X���V���S�R�Y�H�ü�D�Q�L�P��
�U�L�]�L�N�R�P���]�D���]�G�U�D�Y�O�M�H���O�M�X�G�L���N�D�G�D���V�H���Q�D�O�D�]�H���X���Y�H�ü�L�P���N�R�Q�F�H�Q�W�U�D�F�L�M�D�P�D���X���Y�R�G�D�P�D���N�R�M�H���V�H���N�R�U�L�V�W�H��
za rekreaciju, navodnjavanje, preradu poljoprivrednih proizvoda, ribarstvo i upotrebu u 
�G�R�P�D�ü�L�Q�V�W�Yima (World health statistics, 2014). 
 
Tablica 4. Minimalne, maksimalne i srednje vrijednosti ukupnog broja koliformnih bakterija i 

�I�H�N�D�O�Q�L�K���N�R�O�L�I�R�U�P�D���X���2�G�Y�R�G�Q�R�P���N�D�Q�D�O�X���.�D�U�D�ã�L�F�D���N�R�G���3�R�S�R�Y�F�D���X���U�D�]�G�R�E�O�M�X������������-2009. 
godine 

Table 4. Minimum, maximum, and average values of the total coliforms and fecal coliforms in the 
�'�U�D�L�Q�D�J�H���&�D�Q�D�O���.�D�U�D�ã�L�F�D���Q�H�D�U���3�R�S�R�Y�D�F���L�Q���W�K�H���S�H�U�L�R�G����������-2009 

 
 2006. 2007. 2008. 2009. 

Ukupni koliformi 
(CFU/100 ml) 

0-160 000 
(51 128) 

79-160 000 
(22 407,9) 

110-54 000 
(15 841) 

1600-35 000 
(8 933,3) 

Broj fekalnih koliforma 
(CFU/100 ml) 

0-160 000 
(23 208) 

27-160 000 
(17 173,7) 

79-17 000 
(2 829,9) 

110-11 000 
(8 933,3) 

Broj aerobnih bakterija 22 oC (CFU/ml 22 oC) 7 860-43 530 
(28 384) 

310-39 040 
(10 421) 

1020-19 850 
(7 110) 

1 840-19 280 
(9 693,3) 

 
 
Vodena makrofitska vegetacija 
 
�8���S�U�R�O�M�H�ü�H���L���O�M�H�W�R���������������J�R�G�L�Q�H���U�D�]�Y�L�M�H�Q�D���M�H���Y�H�J�H�W�D�F�L�M�D���H�X�W�U�R�I�Q�L�K���V�W�D�M�D�ü�L�F�D���N�R�M�D���Q�H���R�G�J�R�Y�D�U�D��
�S�U�L�U�R�G�Q�R�M�� �Y�H�J�H�W�D�F�L�M�L�� �Q�L�]�L�Q�V�N�L�K�� �W�H�N�X�ü�L�F�D���� �8�� �S�U�R�O�M�H�ü�H�� �M�H�� �X�W�Y�U�ÿ�H�Q�D�� �Y�U�O�R�� �Y�H�O�L�N�D�� �X�N�X�S�Q�X��
pokrovnost makrofita (90 %), a dominirao je submerzni tip vegetacije koji se tijekom 
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�Y�H�J�H�W�D�F�L�M�V�N�H�� �V�H�]�R�Q�H�� �S�R�þ�L�Q�M�H�� �S�U�Y�L�� �U�D�]�Y�L�M�D�W�L���� �3�U�H�Y�O�D�G�D�Y�D�O�D�� �M�H�� �V�X�E�P�H�U�]�Q�D�� �Y�U�V�W�D��Potamogeton 
pectinatus���� �6�� �Q�H�ã�W�R�� �P�D�Q�M�R�P�� �S�R�N�U�R�Y�Q�R�ã�ü�X�� �S�R�M�D�Y�O�M�L�Y�D�O�H�� �V�X�� �V�H�� �Y�U�V�W�H��Ceratophyllum 
demersum, Potamogeton crispus i Sagittaria sagittifolia���� �8�� �S�R�Y�U�ã�L�Q�V�N�R�P�� �V�O�R�M�X�� �V�� �P�D�O�R�P��
�S�R�N�U�R�Y�Q�R�ã�ü�X���S�R�M�D�Y�O�M�L�Y�D�O�H���V�X���V�H���Y�U�V�W�H��Lemna minor i Lemna gibba�����7�L�M�H�N�R�P���O�M�H�W�D���]�Q�D�þ�D�M�Q�R��
je smanjena ukupna pokrovnost makrofita (40 ���������3�U�H�Y�O�D�G�D�Y�D�O�D���M�H���V�O�R�E�R�G�Q�R���S�O�L�Y�D�M�X�ü�D���Y�U�V�W�D��
L. gibba���� �D�� �X�� �V�X�E�P�H�U�]�Q�R�P�� �V�O�R�M�X�� �]�D�E�L�O�M�H�å�H�Q�H�� �V�X�� �Y�U�V�W�H��C. demersum, P. pectinatus i P. 
crispus koje su se pojavljivale rijetko. Iako je broj pokazatelja eutrofikacije tijekom ljeta 
�E�L�R�� �Y�H�ü�L�� ������ �������� �Q�H�J�R�� �X�� �S�U�R�O�M�H�ü�H�� ������ %), ukupna je pokrovnost bila tijekom ljeta manja  
(41 ������ �Q�H�J�R�� �X�� �S�U�R�O�M�H�ü�H�� ������ �������� �3�R�N�D�]�D�W�H�O�M�L�� �S�R�U�H�P�H�ü�D�M�D�� �X�N�D�]�X�M�X�� �Q�D�� �S�U�R�F�H�V�H�� �N�R�M�L��
�S�U�H�Y�O�D�G�D�Y�D�M�X���Q�D���V�W�D�Q�L�ã�W�X�����D���S�U�L�N�D�]�D�Q�L���V�X���N�D�R���X�G�L�R���E�U�R�M�D���L���S�R�N�U�R�Y�Q�R�V�W�L���S�U�L�V�X�W�Q�L�K���S�R�N�D�]�D�W�H�O�M�D��
eutrofikacije i potamalizacije (pokazatelji usporenja toka) u ukupnom broju i pokrovnosti 
�V�Y�L�K���D�N�Y�D�W�L�þ�N�L�K���Y�U�V�W�D���W�L�M�H�N�R�P���S�U�R�O�M�H�ü�D���L���O�M�H�W�D�����2�G�Q�R�V���S�R�N�D�]�D�W�H�O�M�D���S�R�U�H�P�H�ü�D�M�D���S�R�N�D�]�X�M�H���G�D���M�H��
�S�R�W�D�P�D�O�L�]�D�F�L�M�D���� �R�G�Q�R�V�Q�R�� �X�V�S�R�U�H�Q�M�H�� �W�R�N�D���� �Q�D�M�Y�D�å�Q�L�M�L�� �S�R�U�H�P�H�ü�D�M�� �Q�D�� �V�W�D�Q�L�ã�W�X���� �%�U�R�M�� �Y�U�V�W�D��
�S�R�N�D�]�D�W�H�O�M�D���S�R�W�D�P�D�O�L�]�D�F�L�M�H�����S�U�R�O�M�H�ü�H������ %, ljeto 28 �������L���Q�M�L�K�R�Y�D���X�þ�H�V�W�D�O�R�V�W�����S�U�R�O�M�H�ü�H������ %, 
ljeto 23 %) u odnosu na ukupan broj vrsta opada tijekom ljeta (Slika 4). 
 

 
 

Slika 4. �3�U�L�N�D�]���X�G�M�H�O�D���X�þ�H�V�W�D�O�R�V�W�L�����������S�R�N�D�]�D�W�H�O�M�D���H�X�W�U�R�I�L�N�D�F�L�M�H���L���S�R�W�D�P�D�O�L�]�D�F�L�M�H���W�L�M�H�N�R�P���S�U�R�O�M�H�ü�D���L��
�O�M�H�W�D���������������J�R�G�L�Q�H���X���2�G�Y�R�G�Q�R�P���N�D�Q�D�O�X���.�D�U�D�ã�L�F�D���N�R�G���3�R�S�R�Y�F�D 

Figure 4. Frequency (%) distribution of eutrophication indicators and potamalization during spring 
and su�P�P�H�U���R�I�������������L�Q���W�K�H���'�U�D�L�Q�D�J�H���&�D�Q�D�O���.�D�U�D�ã�L�F�D���Q�H�D�U���3�R�S�R�Y�D�F 

 
 
�=�D�N�O�M�X�þ�F�L 
 
�.�D�N�Y�R�ü�D�� �Y�R�G�H�� �X�� �L�V�W�U�D�å�L�Y�D�Q�R�P�� �U�D�]�G�R�E�O�M�X�� �R�Y�L�V�L�O�D���M�H�� �R�� �S�U�R�P�M�H�Q�D�P�D�� �N�O�L�P�D�W�V�N�L�K�� �S�D�U�D�P�H�W�D�U�D���L��
�M�D�N�R�P���D�Q�W�U�R�S�R�J�H�Q�R�P���X�W�M�H�F�D�M�X�����.�R�O�L�þ�L�Q�D���R�U�J�D�Q�V�N�L�K���L���D�Q�R�U�J�D�Q�V�N�L�K���W�Y�D�U�L���N�D�R���L���P�L�N�U�R�E�L�R�O�R�ã�N�L�K��
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pokazatelja �L�P�D�O�D�� �M�H�� �Q�D�M�þ�H�ã�ü�H�� �V�H�]�R�Q�D�O�Q�L�� �N�D�U�D�N�W�H�U���� �D�� �G�L�M�H�O�R�P�� �M�H�� �E�L�O�D�� �R�G�U�D�]�� �I�O�X�N�W�X�D�F�L�M�D��
vodostaja, odnosno protoka vode u kanalu. Submerzna vegetacije bila je razvijena u 
�S�U�R�O�M�H�ü�H�� �V�� �Y�H�O�L�N�R�P�� �S�R�N�U�R�Y�Q�R�ã�ü�X���� �D�� �W�L�M�H�N�R�P�� �O�M�H�W�D�� �S�U�H�Y�O�D�G�D�Y�D�O�D�� �V�O�R�E�R�G�Q�R-�S�O�L�Y�D�M�X�ü�D��
vegetacija, a pokrovnost je bila smanjena. 
�3�U�H�P�D�� �N�R�O�L�þ�L�Q�L�� �K�U�D�Q�M�L�Y�L�K�� �W�Y�D�U�L�� ���V�S�R�M�H�Y�L�� �G�X�ã�L�N�D�� �L�� �I�R�V�I�R�U�D������ �N�D�R�� �L�� �N�H�P�L�M�V�N�R�M�� �S�R�W�U�R�ã�Q�M�L�� �N�L�V�L�N�D��
�H�N�R�O�R�ã�N�R�� �V�W�D�Q�M�H�� �N�D�Q�D�O�D�� �.�D�U�D�ã�L�F�D�� �N�R�G�� �3�R�S�R�Y�F�D�� �X�� �U�D�]�G�R�E�O�M�X�� ����������-2015. godine nije bilo 
dobro Vrijednosti ortofosfata i ukupnog fosfora su se smanjivale tijekom 10-�J�R�G�L�ã�Q�M�H�J��
�U�D�]�G�R�E�O�M�D���� �D�O�L�� �V�X�� �L�� �G�D�O�M�H�� �E�L�O�H�� �Y�L�V�R�N�H�� �L�� �S�R�N�D�]�D�W�H�O�M�� �V�X�� �H�X�W�U�R�I�L�N�D�F�L�M�H���� �=�E�R�J�� �V�Y�H�� �L�]�U�D�å�H�Q�L�M�L�K��
�N�O�L�P�D�W�V�N�L�K���S�U�R�P�M�H�Q�D���L���S�R�W�U�H�E�H���]�D���Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H�P���Y�D�å�Q�R���M�H���S�U�D�W�L�W�L���V�W�D�Q�M�H���N�D�N�Y�R�ü�H���Y�R�G�H���Q�D��
cijelom �W�R�N�X���2�G�Y�R�G�Q�R�J���N�D�Q�D�O�D���.�D�U�D�ã�L�F�D�� 
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professional paper 
Summary 

 
�7�K�H�� �S�U�L�P�D�U�\�� �I�X�Q�F�W�L�R�Q�� �R�I�� �W�K�H�� �G�U�D�L�Q�D�J�H�� �F�D�Q�D�O�� �.�D�U�D�ã�L�F�D�� �L�Q�� �%�D�U�D�Q�M�D�� �L�V�� �W�R�� �G�U�D�L�Q�� �V�X�U�S�O�X�V�� �U�X�Q�R�I�I�� �Z�D�W�H�U�V��
from the surrounding agricultural land. A ten-year analysis (2006-2015) of the variations on water 
quality parameters (oxygen, organic matter, the nutrient regime, microbiological indicators, 
macrophyte vegetation) was conducted in the canal at the site Popovac (13th r.km). The amount of 
dissolved oxygen in the water was higher in the colder part of the year and decreased significantly 
in the summer due to intensified microbiological degradation of organic matter and increased 
ammonium-N concentration. The amount of nitrate was the highest in the spring months, favoring 
the development of macrophyte vegetation. Thus, in the spring of 2015, a submerged vegetation 
type with 90% coverage was developed, while the free-floating Lemna gibba prevailed during the 
summer when the overall coverage of the macrophytes was reduced (40%). During 2006 and 2012, 
the highest values of chemical and biological oxygen consumption were determined. The mean 
values of total phosphorus (3.947-0.666 mg/L) and orthophosphates (1.194-0.323 mg/L) have 
decreased from 2006 to 2015 but remained high indicating eutrophication. Water quality was 
variable over the years and was dependent on the changes in climate parameters as well as strong 
anthropogenic impacts. 
 
Keywords: �Z�D�W�H�U���T�X�D�O�L�W�\�����'�U�D�L�Q�D�J�H���F�D�Q�D�O���.�D�U�D�ã�L�F�D����macrophytes, eutrophication 
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RAST VODENE �/�(�û�(����LEMNA MINOR  L.) 
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1�6�Y�H�X�þ�L�O�L�ã�W�H�� �-�R�V�L�S�D�� �-�X�U�M�D�� �6�W�U�R�V�V�P�D�\�H�U�D�� �X�� �2�V�L�M�H�N�X���� �)�D�N�X�O�W�H�W�� �]�D�� �R�G�J�R�M�Q�H�� �L�� �R�E�U�D�]�R�Y�Q�H�� �]�Q�D�Q�R�V�W�L���� �&�D�U�D��
Hadrijana 10, 31000 Osijek, Hrvatska 
2�6�Y�H�X�þ�L�O�L�ã�W�H��Josipa Jurja Strossmayera u Osijeku, Odjel za biologiju, Cara Hadrijana 8/A, 31000 
Osijek, Hrvatska 

�V�W�U�X�þ�Q�L���U�D�G 
S�D�å�H�W�D�N 

 
�3�R�O�M�R�S�U�L�Y�U�H�G�D���L���X�U�E�D�Q�L�]�D�F�L�M�D���]�Q�D�þ�D�M�Q�R���X�W�M�H�þ�X���Q�D���N�Y�D�O�L�W�H�W�X���S�R�Y�U�ã�L�Q�V�N�L�K���Y�R�G�D�����'�U�H�Q�D�å�Q�L���N�D�Q�D�O���.�D�U�D�ã�L�F�D��
u Baranji glavni je prijemnik �V�O�L�Y�Q�L�K���Y�R�G�D���S�R�O�M�R�S�U�L�Y�U�H�G�Q�R�J���S�R�G�U�X�þ�M�D���L���N�R�P�X�Q�D�O�Q�L�K���R�W�S�D�G�Q�L�K���Y�R�G�D�����D��
�X�Q�R�V�� �U�D�]�Q�L�K�� �R�Q�H�þ�L�ã�ü�X�M�X�ü�L�K�� �W�Y�D�U�L�� �X�� �R�Y�D�M�� �Y�R�G�R�W�R�N�� �R�Y�L�V�L�� �R�� �V�H�]�R�Q�V�N�L�P�� �S�U�R�P�M�H�Q�D�P�D�� �N�O�L�P�D�W�V�N�L�K��
parametara. Tijekom jedne godine, svaki mjesec su na dvije postaje (S1 �± pod utjecajem 
poljoprivrednih voda i S2 �± pod utjecajem komunalnih otpadnih voda) uzimani uzorci vode za 
�O�D�E�R�U�D�W�R�U�L�M�V�N�H�� �D�Q�D�O�L�]�H�� �K�U�D�Q�M�L�Y�L�K�� �W�Y�D�U�L���� �S�H�V�W�L�F�L�G�D���� �E�D�N�W�H�U�L�M�V�N�H�� �N�R�Q�W�D�P�L�Q�D�F�L�M�H�� �L�� �L�]�Y�R�ÿ�H�Q�M�H�� �/�H�P�Q�D�� �W�H�V�W�D��
�]�D���L�V�W�U�D�å�L�Y�D�Q�M�H���X�W�M�H�F�D�M�D���R�Q�H�þ�L�ã�ü�H�Q�M�D���Q�D���U�D�V�W���Y�R�G�H�Q�H���O�H�ü�H����Lemna minor L.). Na postaji S2 Odvodnog 
�N�D�Q�D�O�D�� �.�D�U�D�ã�L�F�D�� �X�W�Y�U�ÿ�H�Q�H�� �V�X�� �P�D�Q�M�H�� �V�U�H�G�Q�M�H�� �Y�U�L�M�H�G�Q�R�V�W�L�� �R�W�R�S�O�M�H�Q�R�J�� �N�L�V�L�N�D���� �D�� �L�V�W�R�G�R�E�Q�R�� �Y�H�ü�H��
vrijednosti koncentracije hranjivih tvari, organoklorovih pesticida, fekalnih koliforma i bakterije 
Escherichia coli, nego na postaji S1. S druge strane, vrijednosti organoklorovih pesticida i njihovih 
�S�U�R�G�X�N�D�W�D���U�D�]�J�U�D�G�Q�M�H���E�L�O�L���V�X���Y�L�ã�L���Q�D���S�R�V�W�D�M�L���6�������)�L�]�L�N�D�O�Q�R-kemijske karakteristike uzoraka vode s ove 
postaje pokazale su se stresnim za rast L. minor �L�� �G�R�E�U�R�� �V�X�� �N�R�U�H�O�L�U�D�O�H�� �V�� �E�L�R�P�D�U�N�H�U�L�P�D���� �N�D�R�� �ã�W�R�� �V�X��
�V�D�G�U�å�D�M���N�D�U�R�W�H�Q�R�L�G�D���L���N�O�R�U�R�I�L�O�D���W�H���S�H�U�R�N�V�L�G�D�F�L�M�D���O�L�S�L�G�D�� 
 
�.�O�M�X�þ�Q�H���U�L�M�H�þ�L�� �N�D�N�Y�R�ü�D���Y�R�G�H�����2�G�Y�R�G�Q�L���N�D�Q�D�O���.�D�U�D�ã�L�F�D�����/�H�P�Q�D-test, inhibicija rasta 
 
Uvod 
 
�2�G�Y�R�G�Q�L�� �N�D�Q�D�O�� �.�D�U�D�ã�L�F�D�� �X�� �%�D�U�D�Q�M�L�� �J�O�D�Y�Q�L�� �M�H�� �S�U�L�M�H�P�Q�L�N�� �V�O�L�Y�Q�L�K�� �Y�R�G�D�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�R�J��
�S�R�G�U�X�þ�M�D�� �L�� �N�R�P�X�Q�D�O�Q�L�K�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D�� �N�R�M�H�� �X�W�M�H�þ�X�� �Q�D�� �N�Y�D�O�L�W�H�W�X�� �Y�R�G�H�� �N�D�Q�D�O�D���� �8�� �V�O�L�Y�Q�R�P��
�S�R�G�U�X�þ�M�X���2�G�Y�R�G�Q�R�J�� �N�D�Q�D�O�D���.�D�U�D�ã�L�F�D���S�R�O�M�R�S�U�L�Y�U�H�G�Q�H�� �S�R�Y�U�ã�L�Q�H���]�D�X�]�L�P�D�M�X���Q�D�M�Y�H�ü�X���S�R�Y�U�ã�L�Q�X��
���&�2�5�,�1�(�� �/�D�Q�G�� �&�R�Y�H�U�� �+�U�Y�D�W�V�N�D���� ������������ �L�� �V�Y�H�� �V�H�� �Y�L�ã�H�� �ã�L�U�H�� �]�E�R�J�� �U�D�V�W�X�ü�L�K�� �S�R�W�U�H�E�D�� �]�D��
�S�U�R�L�]�Y�R�G�Q�M�R�P���K�U�D�Q�H�����ã�W�R���G�R�Y�R�G�L���G�R���S�R�Y�H�ü�D�Q�R�J���S�U�L�W�L�V�N�D���Q�D���R�N�R�O�L�ã�����$�N�R���X���U�H�O�D�W�L�Y�Q�R���N�U�D�W�N�R�P��
�Y�U�H�P�H�Q�X�� �S�D�G�Q�X�� �Y�H�O�L�N�H�� �N�R�O�L�þ�L�Q�H�� �R�E�R�U�L�Q�D���� �P�R�å�H�� �X�V�O�L�M�H�G�� �L�V�S�L�U�D�Q�M�D�� �]�H�P�O�M�L�ã�W�D�� �L�� �S�R�M�D�þ�D�Q�R�J��
�S�U�L�W�L�V�N�D�� �Q�D�� �N�D�Q�D�O�L�]�D�F�L�M�V�N�L�� �V�X�V�W�D�Y�� �G�R�ü�L�� �G�R�� �S�R�M�D�þ�D�Q�R�J�� �P�L�N�U�R�E�L�R�O�R�ã�N�R�J�� �R�S�W�H�U�H�ü�H�Q�M�D�� �Y�R�G�R�W�R�N�D��
���5�L�R�� �L�� �V�X�U������ �������������� �=�D�� �R�G�U�å�D�Y�D�Q�M�H�� �V�W�D�E�L�O�Q�L�K�� �H�N�R�O�R�ã�N�L�K�� �X�Y�M�H�W�D�� �X�� �V�W�D�M�D�ü�L�P�� �L�� �V�S�R�U�R�� �W�H�N�X�ü�L�P��
�N�R�S�Q�H�Q�L�P�� �Y�R�G�D�P�D�� �P�D�N�U�R�I�L�W�L�� �L�P�D�M�X�� �Y�D�å�Q�X�� �X�O�R�J�X���� �0�D�N�U�R�I�L�W�L�� �V�X�� �J�O�D�Y�Q�D�� �V�N�X�S�L�Q�D�� �S�U�L�P�D�U�Q�L�K��
�S�U�R�L�]�Y�R�ÿ�D�þ�D���L���Q�D�O�D�]�H���V�H���S�U�L���G�Q�X���K�U�D�Q�L�G�E�H�Q�L�K���O�D�Q�D�F�D���X���Y�R�G�H�Q�L�P���H�N�R�V�X�V�W�D�Y�L�P�D���S�D���E�L�O�R���N�D�N�Y�L��
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�Q�H�J�D�W�L�Y�Q�L�� �X�þ�L�Q�F�L�� �Q�D�� �P�D�N�U�R�I�L�W�V�N�R�M�� �Y�H�J�H�W�D�F�L�M�L�� �P�R�J�X�� �Q�D�U�X�ã�L�W�L�� �I�X�Q�N�F�L�R�Q�D�O�Q�R�V�W�� �Y�R�G�H�Q�L�K��
�H�N�R�V�X�V�W�D�Y�D���� �0�H�ÿ�X�� �Q�M�L�P�D���� �D�N�Y�D�W�L�þ�Q�L�� �P�D�N�U�R�I�L�W�L�� �N�R�M�L�� �S�U�L�S�D�G�D�M�X�� �S�R�U�R�G�L�F�L��Lemnaceae �]�Q�D�þ�D�M�Q�L��
�V�X�� �H�N�V�S�H�U�L�P�H�Q�W�D�O�Q�L�� �P�R�G�H�O�Q�L�� �R�U�J�D�Q�L�]�P�L�� �L�]�� �Q�H�N�R�O�L�N�R�� �U�D�]�O�R�J�D���� �M�H�G�Q�R�V�W�D�Y�Q�H�� �V�X�� �J�U�D�ÿ�H���� �Y�U�O�R�� �V�X��
male biljke, imaju visok stupanj homogenosti te se lako uzgajaju u kulturama. Zbog visoke 
�V�W�R�S�H�� �U�D�V�W�D�� ���Y�U�L�M�H�P�H�� �X�G�Y�R�V�W�U�X�þ�H�Q�M�D�� ��-4 dana) i visokog kapaciteta akumulacije vrlo su 
�R�V�M�H�W�O�M�L�Y�H�� �Q�D�� �S�U�R�P�M�H�Q�H�� �K�U�D�Q�M�L�Y�L�K�� �L�� �W�R�N�V�L�þ�Q�L�K�� �W�Y�D�U�L�� ���9�D�U�J�D�� �L�� �V�X�U������ ������������ �5�D�G�L�ü�� �L�� �V�X�U������ ������������ 
�6�W�R�J�D���M�H���]�D���G�R�E�L�Y�D�Q�M�H���S�R�W�S�X�Q�L�M�H���V�O�L�N�H���N�Y�D�O�L�W�H�W�H���Y�R�G�H���Q�D���L�V�W�U�D�å�L�Y�D�Q�L�P���S�R�V�W�D�M�D�P�D���2�G�Y�R�G�Q�R�J��
�N�D�Q�D�O�D�� �.�D�U�D�ã�L�F�D�� �N�R�U�L�ã�W�H�Q�� �/�H�P�Q�D�� �W�H�V�W���� �N�D�R�� �M�H�G�D�Q�� �R�G�� �Q�D�M�Y�L�ã�H�� �N�R�U�L�ã�W�H�Q�L�K�� �V�W�D�Q�G�D�U�G�Q�L�K�� �W�H�V�W�R�Y�D��
�W�R�N�V�L�þ�Q�R�V�W�L�����&�L�O�M���R�Y�R�J���U�D�G�D���E�L�R���M�H���L�V�W�U�D�å�L�W�L���X�W�M�H�F�D�M���S�U�L�V�X�W�Q�L�K���K�U�D�Q�M�L�Y�L�K���L���R�Q�H�þ�L�ã�ü�X�M�X�ü�L�K���W�Y�D�U�L���X��
�Y�R�G�L���L�]���R�N�R�O�L�ã�D���Q�D���U�D�V�W���Y�R�G�H�Q�H���O�H�ü�H����L. minor L.) u eksperimentalnim uvjetima. 
 
Materijali i metode 
 
�8�]�R�U�F�L���Y�R�G�H���X�]�L�P�D�Q�L���V�X���X���2�G�Y�R�G�Q�R�P���N�D�Q�D�O�X���.�D�U�D�ã�L�F�D���Q�D���S�R�V�W�D�M�L���6�����N�R�G���P�M�H�V�W�D���â�X�P�D�U�L�Q�D��
���U���N�P�� ���������������� �L�� �S�R�V�W�D�M�L�� �6���� �L�]�P�H�ÿ�X�� �%�H�O�R�J�� �0�D�Q�D�V�W�L�U�D�� �L��Branjinog Vrha (r.km 19+763). 
�8�]�R�U�F�L�� �Y�R�G�H�� �X�]�L�P�D�Q�L�� �V�X�� �M�H�G�Q�R�P�� �P�M�H�V�H�þ�Q�R�� �W�L�M�H�N�R�P�� ������������ �W�H�� �X�� �V�L�M�H�þ�Q�M�X�� �L�� �Y�H�O�M�D�þ�L�� ������������
�J�R�G�L�Q�H�� �Q�D�� �Y�H�U�W�L�N�D�O�L�� �V�D�� �V�U�H�G�L�Q�H�� �N�D�Q�D�O�D���� �X�]�Y�R�G�Q�R�� �V�� �P�R�V�W�D�� �Q�D�� �F�H�V�W�L�� �S�R�P�R�ü�X�� �E�R�F�H�� �]�D��
uzorkovanje po Van Dorn-u volumena 2,2 l. Koncentracija otopljenog kisika mjerena je na 
�W�H�U�H�Q�X�� �S�R�P�R�ü�X�� �S�U�L�M�H�Q�R�V�Q�R�J�� �P�X�O�W�L�P�H�W�U�D�� �:�7�:�� �0�X�O�W�L�� �������L�� ���:�L�V�V�H�Q�V�F�K�D�I�W�O�L�F�K-Technische 
�:�H�U�N�V�W�l�W�W�H�Q�����:�H�L�O�K�H�L�P�����1�M�H�P�D�þ�N�D�������0�M�H�U�H�Q�M�H���N�R�Q�F�H�Q�W�U�D�F�L�M�H���D�P�R�Q�L�M�H�Y�L�K�����1�+4-N), nitritnih 
(NO2-N) i nitratnih (NO3-�1���� �L�R�Q�D���� �R�U�J�D�Q�V�N�R�J�� �G�X�ã�L�N�D�� ���.�M�H�O�G�D�K�O-N), �X�N�X�S�Q�R�J�� �G�X�ã�L�N�D�� �L��
�X�N�X�S�Q�R�J�� �I�R�V�I�R�U�D�� �R�E�D�Y�O�M�H�Q�R�� �M�H�� �X�� �(�N�R�O�R�ã�N�R�P�� �O�D�E�R�U�D�W�R�U�L�M�X�� �9�R�G�R�Y�R�G�D�� �G���� �G���� �2�V�L�M�H�N�� �S�U�H�P�D��
�V�W�D�Q�G�D�U�G�Q�L�P���P�H�W�R�G�D�P�D�����8�]�R�U�F�L���Y�R�G�H���]�D���D�Q�D�O�L�]�X���P�L�N�U�R�E�L�R�O�R�ã�N�L�K���S�R�N�D�]�D�W�H�O�M�D���L���S�H�V�W�L�F�L�G�D�����N�D�R��
i za Lemna test uzimani su u svibnju, rujnu i studenom 2015. te vel�M�D�þ�L�� ������������ �J�R�G�L�Q�H����
�8�N�X�S�Q�L�� �R�U�J�D�Q�R�N�O�R�U�R�Y�L�� �S�H�V�W�L�F�L�G�L�� ���2�&�3���� �R�G�U�H�ÿ�H�Q�L�� �V�X�� �S�U�H�P�D�� �P�H�W�R�G�L�� �+�5�1�� �(�1�� �,�6�2��
6468:2002; fekalni koliformi prema HRN EN ISO 9308-1 i Escherichia coli prema metodi 
MBV 020 REV 4, a sve su analize napravljene u Zavodu za javno zdravs�W�Y�R�� �2�V�M�H�þ�N�R-
b�D�U�D�Q�M�V�N�H���å�X�S�D�Q�L�M�H�� 
�0�D�O�D�� �Y�R�G�H�Q�D�� �O�H�ü�D����L. minor �X�]�R�U�N�R�Y�D�Q�D�� �M�H�� �X�� �G�U�H�Q�D�å�Q�L�P�� �N�D�Q�D�O�L�P�D�� �L�V�W�R�þ�Q�H�� �+�U�Y�D�W�V�N�H����
�3�U�L�O�L�N�R�P�� �X�Y�R�ÿ�H�Q�M�D�� �Y�R�G�H�Q�H�� �O�H�ü�H�� �X�� �N�X�O�W�X�U�X��in vitro 2006. godine, biljke su sterilizirane 
�H�W�D�Q�R�O�R�P���L���å�L�Y�L�Q�L�P���N�O�R�U�L�G�R�P���S�U�H�P�D���.�U�D�M�Q�þ�L�ü���L���'�H�Y�L�G�p�����������������L���G�D�O�M�H���N�X�O�W�L�Y�L�U�D�Q�H���X���V�W�H�U�L�O�Q�L�P��
�X�Y�M�H�W�L�P�D�� �X�� �/�D�E�R�U�D�W�R�U�L�M�X�� �]�D�� �H�N�R�I�L�]�L�R�O�R�J�L�M�X�� �E�L�O�M�D�N�D�� �2�G�M�H�O�D�� �]�D�� �E�L�R�O�R�J�L�M�X���� �6�Y�H�X�þ�L�O�L�ã�W�D�� �-�R�V�L�S�D��
Jurja Strossmayera u Osijeku. Za dug�R�W�U�D�M�Q�X�� �N�X�O�W�L�Y�D�F�L�M�X�� �Y�R�G�H�Q�H�� �O�H�ü�H�� �N�R�U�L�ã�W�H�Q�D�� �M�H�� �3�L�U�V�R�Q-
Seidel hranjiva otopina (Pirson i Seidel, 1950), a za eksperiment hranjiva podloga po 
Steinberg-�X�� ���������������� �=�D�� �R�G�U�H�ÿ�L�Y�D�Q�M�H�� �X�W�M�H�F�D�M�D�� �Y�R�G�H�� �V�� �L�V�W�U�D�å�L�Y�D�Q�L�K�� �S�R�V�W�D�M�D�� �X�]�J�R�M�H�Q�D���M�H���M�H�G�Q�D��
supkultura zdrave kolonije u 1l hranjive otopine po Steinberg-u (1946) u tikvici od 3 l. 
Nakon 14 dana nova supkultura dobivena je prebacivanjem 30 zdravih kolonija u novu 
tikvicu od 3 l. 
Za potrebe eksperimenta, 2-���� �N�R�O�R�Q�L�M�H�� �Y�R�G�H�Q�H�� �O�H�ü�H�� �V�X�� �Q�D�V�D�ÿ�L�Y�D�Q�H�� �X�� �M�D�å�L�F�H�� �S�O�D�V�W�L�þ�Q�L�K��
komorica (Jet Bio-Filtration) volumena 15 ml (Slika 1), u koje je prethodno dodano po 10 
�P�O�� �X�]�R�U�N�R�Y�D�Q�H�� �Y�R�G�H���� �7�D�N�R�ÿ�H�U�� �V�X�� ��-���� �N�R�O�R�Q�L�M�H�� �Y�R�G�H�Q�H�� �O�H�ü�H�� �S�U�H�E�D�þ�H�Q�H�� �X�� �N�R�P�R�U�L�F�H�� �V��
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�K�U�D�Q�M�L�Y�R�P�� �R�W�R�S�L�Q�R�P�� �S�R�� �6�W�H�L�Q�E�H�U�J�X�� ���������������� �N�R�M�H�� �M�H�� �V�O�X�å�L�O�D�� �N�D�R�� �N�R�Q�W�U�R�O�D���� �/�H�P�Q�D-test 
proveden je u uzgojnoj komori u kontroliranim uvjetima temperature (25 �“ 1 �ƒ�&���� �L��
�R�V�Y�M�H�W�O�M�H�Q�M�D�����N�R�Q�W�L�Q�X�L�U�D�Q�D���V�Y�M�H�W�O�R�V�W���L�Q�W�H�Q�]�L�W�H�W�D�����������P�R�O���P�í2 s�í1, Philips TL-D Fluo cijevi 36 
W, hladno dnevno svjetlo). U Lemna-�W�H�V�W�X�� �R�G�U�H�ÿ�L�Y�D�Q�D�� �M�H�� �V�Y�M�H�å�D�� �P�D�V�D�� �E�L�O�M�D�N�D�� ���2�(�&�'����
2006), koncentracija proteina (Bradford, 1976), koncentracije fotosintetskih pigmenata 
prema Lichtenthaler-�X�� �������������� �L�� �N�R�O�L�þ�L�Q�D�� �P�D�O�R�Q�G�L�D�O�G�H�K�L�G�D�� ���0�'�$���� �S�U�H�P�D�� �+�H�D�Wh i Packer 
(1968). 
 

 
 

Slika 1. Kultivacija L. minor u komoricama s�D�������M�D�å�L�F�D���W�L�M�H�N�R�P���H�N�V�S�H�U�L�P�H�Q�W�D 
Figure 1. Cultivation of L. minor in 6 well plates during the experiment 

 
 
 
Rezultati i rasprava 
 
Fizikalno-�N�H�P�L�M�V�N�D���V�Y�R�M�V�W�Y�D���Y�R�G�H���L���P�L�N�U�R�E�L�R�O�R�ã�N�L���S�R�N�D�]�D�W�H�O�M�L 
 
�1�D�M�Y�D�å�Q�L�M�L���N�O�L�P�D�W�V�N�L���H�O�H�P�H�Q�W�L���N�R�M�L���V�X���X�W�M�H�F�D�O�L���Q�D���Y�R�G�Q�L���U�H�å�L�P���2�G�Y�R�G�Q�R�J���N�D�Q�D�O�D���.�D�U�D�ã�L�F�D���X��
�L�V�W�U�D�å�L�Y�D�Q�R�P���U�D�]�G�R�E�O�M�X���V�X���W�H�P�S�H�U�D�W�X�U�D���L���S�D�G�D�O�L�Q�H�����'�Y�D���P�D�N�V�L�P�X�P�D���R�E�R�U�L�Q�D���]�D�E�L�O�M�H�å�H�Q�D���V�X��
�X�� �V�Y�L�E�Q�M�X�� �������������� �P�P���� �L�� �O�L�V�W�R�S�D�G�X�� �������������� �P�P���� ������������ �J�R�G�L�Q�H�� �L�� �X�]�U�R�N�R�Y�D�O�H�� �V�X�� �S�R�M�D�þ�D�Qo 
�L�V�S�L�U�D�Q�M�H�� �K�U�D�Q�M�L�Y�L�K�� �L�� �R�Q�H�þ�L�ã�ü�X�M�X�ü�L�K�� �W�Y�D�U�L�� �V�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�L�K�� �S�R�Y�U�ã�L�Q�D���� �S�R�V�H�E�Q�R�� �G�X�ã�L�N�D�� �L��
�R�U�J�D�Q�R�N�O�R�U�R�Y�L�K���S�H�V�W�L�F�L�G�D���X���V�W�X�G�H�Q�R�P���������������J�R�G�L�Q�H�����V�O�L�N�H�������L�����$�������.�R�O�L�þ�L�Q�D���K�U�D�Q�M�L�Y�L�K���W�Y�D�U�L���X��
�Y�R�G�R�W�R�F�L�P�D�� �P�R�å�H�� �Y�D�U�L�U�D�W�L�� �W�L�M�H�N�R�P�� �Y�U�H�P�H�Q�D�� �L�� �þ�H�V�W�R�� �M�H�� �S�R�G�� �U�D�]�O�L�þ�L�W�L�P�� �X�W�M�H�F�D�M�Lma, bilo 



8th International Conference WATER FOR ALL 
21-22 March 2019 
Osijek, Croatia 

Zbornik radova  / Proceedings 
�0�R�Q�L�W�R�U�L�Q�J���N�D�N�Y�R�ü�H��voda / Monitoring of water quality 

 

100 

autohtonog ili alohtonog podrijetla (Ahearn i sur., 2005). Tako su oborine u svibnju 2015. 
�J�R�G�L�Q�H���U�D�]�U�L�M�H�G�L�O�H���K�U�D�Q�M�L�Y�H���W�Y�D�U�L���X���2�G�Y�R�G�Q�R�P���N�D�Q�D�O�X���.�D�U�D�ã�L�F�D�����N�R�M�H���V�X���W�D�G�D���L�P�D�O�H���Q�D�M�P�D�Q�M�H��
�Y�U�L�M�H�G�Q�R�V�W�L���X���R�G�Q�R�V�X���Q�D���R�V�W�D�O�H���P�M�H�V�H�F�H�����V�O�L�N�D�����������D���Y�H�ü�D���N�R�O�L�þ�L�Q�D���K�U�D�Q�M�L�Y�L�K���W�Y�D�U�L���X�W�Y�U�ÿ�H�Q�D���M�H��
�Q�D���S�R�V�W�D�M�L���6�������8���S�U�R�O�M�H�W�Q�L�P���P�M�H�V�H�F�L�P�D���K�U�D�Q�M�L�Y�H���W�Y�D�U�L�����V�S�R�M�H�Y�L���G�X�ã�L�N�D���L���I�R�V�I�R�U�D�����V�H���S�R�M�D�þ�D�Q�R��
�W�U�R�ã�H���]�D���U�D�]�Y�R�M���I�L�W�R�S�O�D�Q�N�W�R�Q�D���L vodene makrofitske vegetacije. 
 
 

 
 
 

Slika 2. Koncentracija nutrijenata (NH4-N, NO3+NO2, ukupni N i ukupni P) u vodi s postaja S1 i S2 
�X���V�Y�L�E�Q�M�X�����U�X�M�Q�X���L���V�W�X�G�H�Q�R�P���������������W�H���Y�H�O�M�D�þ�L���������������J�R�G�L�Q�H�� 

Figure 2. Concentration of nutrients (NH4-N, NO3+NO2, total N and total P) in water at sites S1 and 
S2 in May, September and November 2015 and February 2016. 
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Ant�U�R�S�R�J�H�Q�L���X�W�M�H�F�D�M���L���Q�D�þ�L�Q���N�R�U�L�ã�W�H�Q�M�D���]�H�P�O�M�L�ã�W�D���Q�D�M�Y�M�H�U�R�M�D�W�Q�L�M�H���V�X���R�G�J�R�Y�R�U�Q�L���]�D���S�U�R�P�M�H�Q�H���X��
�N�Y�D�O�L�W�H�W�L�� �Y�R�G�H�� �2�G�Y�R�G�Q�R�J�� �N�D�Q�D�O�D�� �.�D�U�D�ã�L�F�D���� �ã�W�R�� �S�R�W�Y�U�ÿ�X�M�X�� �Y�H�ü�H�� �N�R�O�L�þ�L�Q�H�� �K�U�D�Q�M�L�Y�L�K�� �W�Y�D�U�L�� 
(Slika 2, Tablica 1), fekalnih koliforma i bakterije E. coli (Slika 3B, Tablica 1) na postaji 
S2 nizvodno od ispusta komunalnih otpadnih voda, nego na postaji S1. Na postaji S2 
�L�]�P�M�H�U�H�Q�D���M�H���X���N�R�O�R�Y�R�]�X���������������J�R�G�L�Q�H���Q�D�M�Y�H�ü�D���N�R�Q�F�H�Q�W�U�D�F�L�M�D�����������������P�J���O�����X�N�X�S�Q�R�J���I�R�V�I�R�U�D��
(Tablica 1). Prema dobivenim rezultatima prisutnih hranjivih tvari, na postaji prije ispusta 
komunalnih otpadnih voda (S1) postignuto je dobro stanje vode, dok su na postaji nakon 
ispusta otpadnih voda (S2) koncentracije NH4-N, NO3+NO2-�1���L���X�N�X�S�Q�R�J���1���E�L�O�H���Y�L�ã�H�V�W�U�X�N�R��
�S�R�Y�H�ü�D�Q�H����Tablica 1, Slika 2). 
 
 
Tablica 1. Minimalne, maksimalne i srednje vrijednosti fizikalno-kemijskih parametara, kao i 

fekalnih koliforma te vrste Escherichia coli tijekom 20015-16. godine na postajama S1 
�L���6�����2�G�Y�R�G�Q�R�J���N�D�Q�D�O�D���.�D�U�D�ã�L�F�D 

Table 1. Minimal, maximal and average values of physical and chemical parameters as well as fecal 
coliforms and Escherichia coli during 2015-2016 at Sites S1 and S2 at t�K�H�� �.�D�U�D�ã�L�F�D��
Drainage Canal 

 
Parametri Postaja S1 Postaja S2 
Otopljeni kisik (mg/l) 0,95-6,67 (3,19) 0,85-4,29 (2,108) 
Amonijak (mg N/l) 0,01-0,739 (0,119) 0,035-3,789 (1,177) 
Nitrati (mg N/l) 0,027-6,369 (1,687) 0,003-14,087 (4,141) 
Nitriti (mg N/l) 0,002-0,066 (0,022) 0,002-0,813 (0,132) 
Kjeldahl N (mg N/l) 0,28-10,36 (1,781) 0,28-10,64 (3,664) 
Ukupni N (mg N/l) 0,28-10,45 (2,745) 0,28-13,97 (6,417) 
Ukupni P (mg P/l) 0,094-3,01 (0,734) 0,169-4,512 (1,477) 
Fekalni koliformi (cfu/100 ml) 20-700 (238) 420-45000 (14855) 
Escherichia coli 5-180 (69) 270-40000 (12718) 

 
 
 
Iako se radi o vodotoku koji kao prijemnik oborinskih i komunalnih otpadnih voda ima 
svrhu odvodnje, izuzetno velike vrijednosti fekalnih koliforma (45000 cfu/100 ml u 
svibnju; 12000 cfu/100 ml u studenom) i E. coli (40000 cfu/100 ml u svibnju; 8600 
cfu/100 ml u studenom) na postaji S2 (Slika 3 B, Tablica 1), koja se nalazi 1000 m 
�Q�L�]�Y�R�G�Q�R�� �R�G�� �L�V�S�X�V�W�D�� �N�R�P�X�Q�D�O�Q�L�K�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D�� �X�N�D�]�X�M�X�� �Q�D�� �Q�H�H�I�L�N�D�V�Q�R�� �S�U�R�þ�L�ã�ü�D�Y�D�Q�M�H��
�N�R�P�X�Q�D�O�Q�L�K���R�W�S�D�G�Q�L�K�� �Y�R�G�D���%�H�O�R�J�� �0�D�Q�D�V�W�L�U�D���� �3�R�Y�L�ã�H�Q�H�� �N�R�Q�F�H�Qtracije OCP-a u Odvodnom 
�N�D�Q�D�O�X�� �.�D�U�D�ã�L�F�D�� �X�� �V�Y�L�E�Q�M�X�� �L�� �V�W�X�G�H�Q�R�P�� ������������ �J�R�G�L�Q�H�� ��Slika 3 A) direktna su posljedica 
�L�V�S�L�U�D�Q�M�D�� �S�H�V�W�L�F�L�G�D�� �V�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�L�K�� �S�R�Y�U�ã�L�Q�D�� �Q�D�N�R�Q�� �M�H�V�H�Q�V�N�L�K�� �R�E�R�U�L�Q�D���� �2�U�J�D�Q�R�N�O�R�U�R�Y�L��
spojevi kojima pripadaju organoklorovi pesticidi pripadaju skupini poznatoj kao postojana 
�R�U�J�D�Q�V�N�D���R�Q�H�þ�L�ã�ü�H�Q�M�D�����3�2�3�V���±persistent organic pollutants). Rasprostranjeni su i postojani 
�X���R�N�R�O�L�ã�X���L���D�N�X�Puliraju se u hranidbenom lancu. 
 



8th International Conference WATER FOR ALL 
21-22 March 2019 
Osijek, Croatia 

Zbornik radova  / Proceedings 
�0�R�Q�L�W�R�U�L�Q�J���N�D�N�Y�R�ü�H��voda / Monitoring of water quality 

 

102 

 
 

Slika 3. (A) Koncentracija organoklorovih pesticida (OCP) i (B) broj fekalnih koliforma (FC) u 
vodi postaja S1 i S2 u svibnju, rujnu i studeno�P���������������W�H���Y�H�O�M�D�þ�L���������������J�R�G�L�Q�H 

Figure 3. (A) Concentration of organonochlorine pesticides (OCP) and (B) the number of fecal 
coliforms (FC) in water at sites S1 and S2 in May, September  

and November 2015 and February 2016 
 
 
Lemna-test 
 
�3�U�L�U�D�V�W�� �E�U�R�M�D�� �E�L�O�M�D�N�D�� �L�� �X�N�X�S�Q�D�� �V�Y�M�H�å�D�� �P�D�V�D�� �E�L�O�M�D�N�D�� �X�� �/�H�P�Q�D-t�H�V�W�X�� �Y�D�å�Q�L�� �V�X�� �S�R�N�D�]�D�W�H�O�M�L��
�X�W�M�H�F�D�M�D�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� �X�� �R�N�R�O�L�ã�X���� �E�X�G�X�ü�L�� �G�D�� �Y�R�G�H�Q�D�� �O�H�ü�D�� �U�H�D�J�L�U�D�� �Q�D�� �U�D�]�O�L�þ�L�W�H�� �N�H�P�L�N�D�O�L�M�H��
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�S�U�L�V�X�W�Q�H�� �X�� �Y�R�G�L�� �L�]�� �R�N�R�O�L�ã�D�� ���5�D�G�L�ü�� �L�� �V�X�U������ �������������� �8�W�Y�U�ÿ�H�Q�R�� �V�P�D�Q�M�H�Q�M�H�� �V�Y�M�H�å�H�� �P�D�V�H�� �Y�R�G�H�Q�H��
�O�H�ü�H�� �X�� �L�V�W�U�D�å�L�Y�D�Q�L�P�� �X�]�R�U�F�L�P�D�� �L�]�� �2�G�Y�R�G�Q�R�J�� �N�D�Q�D�O�D�� �.�D�U�D�ã�L�F�D��posljedica je manjih 
koncentracija nutrijenata u vodi u odnosu na kontrolni Steinberg-ov medij, ali i negativnog 
�X�W�M�H�F�D�M�D�� �S�U�L�V�X�W�Q�L�K�� �R�Q�H�þ�L�ã�ü�X�M�X�ü�L�K�� �W�Y�D�U�L�� �X�� �Y�R�G�L���� �6�W�R�J�D�� �V�X�� �Y�H�ü�H�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �K�U�D�Q�M�L�Y�L�K�� �W�Y�D�U�L����
prisutnih u vodi s postaje S2 (S�O�L�N�D�� ������ �R�P�R�J�X�ü�L�O�H�� �Q�D�M�þ�H�ã�ü�H�� �Y�H�ü�X�� �V�Y�M�H�å�X�� �P�D�V�X�� �L�� �Y�H�ü�X��
koncentraciju proteina L. minor u eksperimentalnim uvjetima (Slike 4 A i B). 
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Slika 4. �6�U�H�G�Q�M�D���Y�U�L�M�H�G�Q�R�V�W���L���V�W�D�Q�G�D�U�G�Q�D���G�H�Y�L�M�D�F�L�M�D�����$�����V�Y�M�H�å�H���P�D�V�H�����P�J���������%�����N�R�Q�F�H�Q�W�U�D�F�L�M�H���S�U�R�W�H�L�Q�D��
���P�J���J���V�Y�M�H�åe mase); (C) omjera Chl(a+b)/Car i (D) MDA (�P�P�R�O���J���V�Y�M�H�å�H���P�D�V�H����L. minor rasle  

�X���X�]�R�U�F�L�P�D���Y�R�G�H���L�]���2�G�Y�R�G�Q�R�J���N�D�Q�D�O�D���.�D�U�D�ã�L�F�D���X�]�H�W�L�K���X���V�Y�L�E�Q�M�X���� 
rujnu i studeno�P���������������W�H���Y�H�O�M�D�þ�L���������������J�R�G�L�Q�H 

Figure 4. Average values and standard deviations of (A) fresh weight (mg); (B) protein 
concentration (mg/g of FW); (C) Chl(a+b)/Car ratio and (D) MDA (�Pmol/g FW) of L. minor grown  

�L�Q���W�K�H���Z�D�W�H�U���V�D�P�S�O�H�V���I�U�R�P���W�K�H���.�D�U�D�ã�L�F�D���'�U�D�L�Q�D�J�H���&�D�Q�D�O���L�Q���0�D�\���� 
September and November 2015 and February 2016 
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�3�R�Y�H�ü�D�Q�D�� �E�L�R�P�D�V�D��L. minor �G�R�Y�R�G�L�� �G�R�� �U�D�]�U�M�H�ÿ�H�Q�M�D�� �S�U�L�V�X�W�Q�L�K�� �W�R�N�V�L�N�D�Q�D�W�D�� �L�� �V�P�D�Q�M�H�Q�M�D��
�W�R�N�V�L�þ�Q�R�J���X�þ�L�Q�N�D�����ã�W�R���M�H���S�R�W�Y�U�G�L�O�D���L���Q�D�M�P�D�Q�M�D���N�R�Q�F�H�Q�W�U�D�F�L�M�D���0�'�$����Slika 4 D) u rujnu 2015. 
na postaji S2. Istovremeno, zbog niske razine nutrijenata na postaji S1 (S�O�L�N�D�������$�����X�W�Y�U�ÿ�H�Q�D��
je manja biomasa i koncentracija proteina L. minor���� �X�V�O�L�M�H�G�� �þ�H�J�D�� �M�H�� �S�R�Y�H�ü�D�Q�D�� �W�R�N�V�L�þ�Q�R�V�W��
�S�U�L�V�X�W�Q�L�K�� �R�Q�H�þ�L�ã�ü�X�M�X�ü�L�K�� �W�Y�D�U�L�� �]�E�R�J�� �G�R�G�D�W�Q�R�J�� �V�W�U�H�V�D�� �S�U�R�X�]�U�R�N�R�Y�D�Q�R�J�� �P�D�Q�M�N�R�P�� �Q�X�W�U�L�M�H�Q�D�W�D����
Prema tome, niske razine hranjivih tvari u ru�M�Q�X�����S�R�V�H�E�Q�R���G�X�ã�L�N�D���L���Y�L�V�R�N�H���U�D�]�L�Q�H���]�D�J�D�ÿ�L�Y�D�O�D��
na postaji S1 uvjetovali su stres u L. minor indukcijom lipidne peroksidacije (Slika 4 D), 
manjom koncentracijom ukupnih proteina (S�O�L�N�D�� ���� �%������ �Y�H�ü�L�P�� �R�P�M�H�U�R�P��
klorofil(a+b)/karotenoidi (Chl(a+b)/Car), Slika 4 C �L�� �P�D�Q�M�R�P�� �V�Y�M�H�å�R�P�� �P�D�V�R�P�� �E�L�O�M�D�N�D��
(Slika 4 A). 
 
�=�D�N�O�M�X�þ�D�N 
 
�2�G�Y�R�G�Q�L�� �N�D�Q�D�O�� �.�D�U�D�ã�L�F�D�� �X�� �%�D�U�D�Q�M�L�� �J�O�D�Y�Q�L�� �M�H�� �S�U�L�M�H�P�Q�L�N�� �V�O�L�Y�Q�L�K�� �Y�R�G�D�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�R�J��
�S�R�G�U�X�þ�M�D�� �L�� �N�R�P�X�Q�D�O�Q�L�K�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D���� �D�� �X�Q�R�V�� �U�D�]�Q�L�K�� �R�Q�H�þ�L�ã�ü�X�M�X�ü�L�K�� �W�Y�D�U�L�� �X�� �R�Y�D�M�� �Y�R�G�R�W�R�N��
ovisi o sezonskim promjenama klimatskih parametara. �9�H�ü�H���N�R�O�L�þ�L�Q�H���K�U�D�Q�M�L�Y�L�K���W�Y�D�U�L���X���Y�R�G�L��
�V���S�R�V�W�D�M�H���6�����2�G�Y�R�G�Q�R�J���N�D�Q�D�O�D���.�D�U�D�ã�L�F�D�����Q�L�]�Y�R�G�Q�R���R�G���L�V�S�X�V�W�D���N�R�P�X�Q�D�O�Q�L�K���R�W�S�D�G�Q�L�K���Y�R�G�D������
�R�P�R�J�X�ü�L�O�H�� �V�X�� �E�R�O�M�L�� �U�D�V�W���� �R�G�Q�R�V�Q�R�� �Y�H�ü�X�� �V�Y�M�H�å�X�� �P�D�V�X�� �L�� �N�R�Q�F�H�Q�W�U�D�F�L�M�X�� �S�U�R�W�H�L�Q�D��L. minor u 
eksperimentalnim uvjetima u �R�G�Q�R�V�X���Q�D���S�R�V�W�D�M�X���6�������3�R�Y�H�ü�D�Q�D���E�L�R�P�D�V�D��L. minor dovela je 
�G�R�� �U�D�]�U�M�H�ÿ�H�Q�M�D�� �S�U�L�V�X�W�Q�L�K�� �W�R�N�V�L�N�D�Q�D�W�D�� �L�� �V�P�D�Q�M�H�Q�M�D�� �W�R�N�V�L�þ�Q�R�J�� �X�þ�L�Q�N�D���� �ã�W�R�� �M�H�� �S�R�W�Y�U�G�L�O�D�� �L��
najmanja koncentracija malondialdehida. Zbog ispiranja pesticida s poljoprivrednih 
�S�R�Y�U�ã�L�Q�D���Y�U�L�M�H�G�Q�R�V�W�L��organok�O�R�U�R�Y�L�K���S�H�V�W�L�F�L�G�D���E�L�O�H���V�X���Y�H�ü�H���Q�D���S�R�V�W�D�M�L���6������Prisutne hranjive i 
�R�Q�H�þ�L�ã�ü�X�M�X�ü�H�� �W�Y�D�U�L�� �X�� �Y�R�G�L�� �L�]�� �R�N�R�O�L�ã�D�� �X�W�M�H�F�D�O�H�� �V�X�� �Q�D�� �U�D�V�W�� �Y�R�G�H�Q�H�� �O�H�ü�H��L. minor u 
eksperimentalnim uvjetima. 
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professional paper 
Summary 

 
Surface water quality in the Baranja county is significantly affected by agricultural practice and 
�X�U�E�D�Q�L�]�D�W�L�R�Q�����7�K�H���G�U�D�L�Q�D�J�H���F�D�Q�D�O���.�D�U�D�ã�L�F�D���L�V���W�K�H���S�U�L�P�D�U�\���U�H�F�L�S�L�H�Q�W���R�I���W�K�H���D�J�U�L�F�X�O�W�X�U�D�O���D�Q�G���F�R�P�P�X�Q�D�O��
wastewaters, and the input of various pollutants into this watercourse depends on the seasonal 
changes in the climate parameters. Water was sampled monthly during one year at two distinctive 
sites on the drainage canal (S1 �± influenced by agricultural runoff and S2 �± by communal 
wastewaters), and concentration of nutrients, pesticides, as well as bacterial contamination was 
determined. Standard Lemna-test was performed to estimate the effect of determined contaminants 
on the growth of Lemna minor L. Lower average values of dissolved oxygen and higher nutrient 
concentration were determined in the water sampled at the site S2, alongside with the occurrence of 
fecal coliforms and Escherichia coli. On the other hand, organochlorine pesticides and their 
degradation products were higher at the site S1. Physicochemical characteristics of water from this 
site proved to be stressful for the growth of L. minor and correlated well with biomarkers like 
carotenoid and chlorophylls content and lipid peroxidation. 
 
Keywords: �Z�D�W�H�U���T�X�D�O�L�W�\�����G�U�D�L�Q�D�J�H���F�D�Q�D�O���.�D�U�D�ã�L�F�D�����/�H�P�Q�D-test, growth inhibition 
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original scientific paper 
Summary 

 
Antibacterial resistance is currently a major global issue. Antibacterial agents, together with 
antibiotic-resistant bacteria have been widely detected in different environmental compartments. 
The activity of antibacterial agents on bacteria may differ based on bacterial species or strain. Due 
to serious infections caused by multidrug-resistant bacteria, in 2014, the WHO identified 
antimicrobial resistance as one of the most critical challenges and serious threats to the global public 
health. Thus, currently, antibacterial agents are regarded as emerging environmental contaminants, 
with possible implications for human health and ecological status of the environment. The present 
study aimed to determine the antibacterial activity as well as minimum inhibitory concentrations of 
azithromycin, erythromycin and tulathromycin against Bacillus subtilis, Pseudomonas aeruginosa 
and Escherichia coli, respectively, which can be found in environment. Disc diffusion assay was 
used to determine antibacterial activity on the selected bacteria. Three different concentrations of 
antibacterial agents were used 40, 80 and 800 mg/L. From the obtained results, it can be concluded 
that azithromycin, erythromycin and tulathromycin inhibited the growth of B. subtilis at all 
examined concentrations. The growth of E. coli was not inhibited by any of the examined 
antibacterial agents and the growth of P. aeruginosa was not inhibited by erythromycin, but with 
azithromycin and tulathromycin at all examined concentrations. 
 
Keywords: Macrolides, Antibacterial activity, Microorganisms in the environment, Bacillus subtilis, 
Pseudomonas aeruginosa, Escherichia coli 
 
Introduction  
 
Medicinal plants have represented an important source of new substances for drug 
development since the beginning of the XIX century (Hussein et al., 2009). Currently, 
natural products stand out in the pharmaceutical industry, accounting for about 45% of all 
pharmaceutical products (Kruzsewska et al., 2006; Teh et al., 2017). The advent of 
�D�Q�W�L�E�L�R�W�L�F�V�� �K�D�G�� �L�P�S�U�R�Y�H�G�� �P�D�Q�N�L�Q�G�¶s health status and the quality of life tremendously. 
However, overuse and misuse of antibiotics had resulted in an increased development and 
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the occurrence of bacterial resistance against commercially available antibiotics. While 
most microorganisms die when exposed to therapeutic doses of conventional antibiotics, 
some microorganisms become resistant to these antibiotics, in addition to transferring 
resistance mechanisms to their descendants (Kruzsewska et al., 2006). Bacteria exhibit 
multiple resistance mechanisms to antibiotics including decreased permeability, expression 
of efflux systems, production of antibiotic inactivating enzymes and target modifications 
(Teh et al., 2017). Bacterial resistance is particularly important in opportunistic infections, 
such as those caused by Escherichia coli and Pseudomonas aeruginosa. These bacteria are 
commonly found in hospital-acquired infections. In this condition, microorganisms which 
are part of the normal microbiota, can cause infectious diseases in immunosuppressed 
patients (Teh et al., 2017). 
The antibiotic is a drug that kills bacteria and is used to treat infections, but it is generally 
harmless to the host. Antibiotics can kill susceptible microorganisms or inhibit their 
growth (Pulcini et al., 2017). Among the antimicrobial agents, macrolide group is widely 
prescribed to treat various diseases. These are safe antibiotics and are useful for those 
patients that are hypersensitive to penicillin and other beta lactams (Kan et al., 2011). Like 
other antibiotics, resistance to this group has also been reported in other parts of the world. 
Azithromycin, erythromycin and tulathromycin are classified in macrolide group 
(European Medicines Agency, 2010). 
Microorganisms that produce various antibiotics are widely distributed in nature, where 
they play an important role in regulating the microbial population of soil, water and 
sewage and compost process. E. coli, P. aeruginosa and B. subtilis are natural residents of 
soil and water (�.�X�þ�L�ü G�U�J�L�ü���H�W���D�O������������������ 
B. subtilis is a G+, catalase-positive bacterium, found in soil. A member of the genus 
Bacillus, B. subtilis is rod-shaped, and can form a tough, protective endospore, allowing it 
to tolerate extreme environmental conditions. Many species and strains of the Bacillus 
genus produce a large number of substances with antimicrobial actions including 
antibiotics. Producing more than 70 different antibiotics B. subtilis is one of the most 
important producers of the Bacillus genus as some of its metabolites show antifungal 
and/or antibacterial activity against a number of phytopathogenic microorganisms 
(Todorova et al., 2010). 
E. coli is a G- bacillus from the family Enterobacteriaceae that grows readily on simple 
culture media with minimal nutrients; glucose or glycerol is often sufficient. E. coli is 
typically first identified in the microbiological laboratory as a lactose-fermenting G- rod 
�W�K�D�W�� �F�D�Q�� �J�U�R�Z�� �E�R�W�K�� �D�H�U�R�E�L�F�D�O�O�\�� �D�Q�G�� �D�Q�D�H�U�R�E�L�F�D�O�O�\���� �S�U�H�I�H�U�D�E�O�\�� �D�W�� ������ �ž�&���� �D�Q�G�� �F�D�Q�� �E�H�� �H�L�W�K�H�U��
non-motile or motile. It is oxidase negative, produces indole, does not ferment citrate, and 
demonstrates a positive methyl red test and a negative Voges-Proskauer reaction. E. coli is 
a bacterium with a special place in the microbiological world since it can cause severe 
infections in humans and animals, but also represents a significant part of the 
autochthonous microbiota of the different hosts. E. coli also represents a major reservoir of 
resistance genes that may be responsible for treatment failures in both human and 
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veterinary medicine (Poirel et al., 2018). An increasing number of resistance genes have 
been identified in E. coli isolates during the last decades, and many of these resistance 
genes were acquired by a horizontal gene transfer. In the enterobacterial gene pool, E. coli 
acts as a donor and as a recipient of the resistance genes and thereby can acquire resistance 
genes from other bacteria, but can also pass on its resistance genes to other bacteria  
(Poirel et al., 2018). In general, antimicrobial resistance in E. coli is considered as one of 
the major challenges in both humans and animals at a worldwide scale and needs to be 
considered as a real public health concern. 
P. aeruginosa is a ubiquitous G- bacterium belonging to the family Pseudomonadaceae 
that is able to survive in a wide range of environments. P. aeruginosa encodes a large 
proportion of regulatory enzymes important for metabolism, transportation and efflux of 
organic compounds (Pang et al., 2018). This enhanced coding capability of the P. 
aeruginosa genome allows for great metabolic versatility and high adaptability to 
environmental changes. Among infections caused by G- rods, P. aeruginosa has a leading 
role. Antimicrobial resistance has led to a serious restriction in treatment options for P. 
aeruginosa infections, which has become a critical and deadly issue causing a total of 
51,000 healthcare infections in the USA per year (Bassetti et al., 2018). The World Health 
Organization (WHO) has recently listed carbapenem-resistant P. aeruginosa as one of 
three bacterial species in which there is a critical need for the development of new 
antibiotics to treat infections (Tacconelli et al., 2017). Moreover, excessive use of 
antibiotics during treatment accelerates the development of multidrug-resistant P. 
aeruginosa strains, leading to the ineffectiveness of the empirical antibiotic therapy against 
this microorganism. P. aeruginosa exhibits most of resistance mechanisms through both 
intrinsic chromosomally encoded or genetically imported resistance determinants affecting 
�W�K�H�� �P�D�M�R�U�� �F�O�D�V�V�H�V�� �R�I�� �D�Q�W�L�E�L�R�W�L�F�V�� �V�X�F�K�� �D�V�� ��-lactams, aminoglycosides, quinolones and 
polymyxins (Fujii et al., 2014). 
Antimicrobial susceptibility testing can be used for drug discovery, epidemiology and for 
the prediction of the therapeutic outcome. A variety of laboratory methods can be used to 
evaluate or screen the in vitro antimicrobial activity of an extract or a pure compound. The 
most known and basic methods are the disk-diffusion and broth or agar dilution methods 
(Caron, 2012). Agar disk-diffusion testing developed in 1940, is the official method used 
in many clinical microbiology laboratories for routine antimicrobial susceptibility testing. 
Nowadays, many accepted and approved standards are published by the Clinical and 
Laboratory Standards Institute (CLSI) for bacteria and yeasts testing. Disk-diffusion assay 
offers many advantages over other methods: simplicity, low cost, the ability to test 
enormous numbers of microorganisms and antimicrobial agents, and the ease to interpret 
the provided results (Balouiri et al., 2016; Lopez-Oviedo et al., 2006). 
For illustrating any possible pharmaceutical activities of azithromycin, erythromycin and 
tulathromycin on microorganisms, which can be found in environment, the antibacterial 
action of these compounds against B. subtilis, E. coli and P. aeruginosa was investigated 
in this study. 
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Materials and methods 
 
Antibiotics 
 
The model solution of azithromycin, erythromycin and tulathromycin was used in the 
conducted experiments. Azithromycin, erythromycin and tulathromycin were obtained 
from Sigma-Aldrich. The concentration of stock solution was 1000 mg/L. Working 
standard solutions were prepared by diluting stock solution to the required initial 
concentrations (40, 80 and 800 mg/L). 
 
Bacterial culture 
 
Pure culture of B. subtilis, P. aeruginosa FN and E. coli were obtained from the culture 
collection of University of Zagreb, Faculty of Chemical Engineering and Technology, 
Department of Industrial Ecology, Croatia. Bacteria were grown on nutrient agar (NA) 
plates and were �L�Q�F�X�E�D�W�H�G���L�Q���W�K�H�U�P�R�V�W�D�W���D�W���W�H�P�S�H�U�D�W�X�U�H���������ƒ�&��for 24 to 48 h. B. subtilis, P. 
aeruginosa and E. coli were isolated from biowaste. 
 
Preparation of bacterial suspension 
 
Bacteria stock cultures were sub-�F�X�O�W�X�U�H�G���R�Q�W�R���1�$���S�O�D�W�H�V���D�Q�G���L�Q�F�X�E�D�W�H�G���R�Y�H�U�Q�L�J�K�W���D�W���������ƒ�&����
The next day, the bacterial suspensions were prepared and adjusted to 0.5 McFarland 
Standard. To aid comparison, the adjustment of bacterial suspensions to the density of the 
0.5 McFarland Standard was done against a white background with contrasting black lines. 
 
Antimicrobial assay �± disk diffusion assay 
 
0.1 mL of prepared suspensions was added on nutrient agar plates and homogenized with 
Drigalski spatula. Disc diffusion test was performed according to the NCCLS disc 
diffusion method (CLSI, 2012). Briefly, filter paper discs (6 mm) were prepared from 
Whatman No. 1 and sterilized by dry oven at 140 �ƒ�&�� �I�R�U�� ������ �P�L�Q���� �3�U�H�S�D�U�H�G�� �G�L�V�F�V�� �Z�L�W�K��
different concentrations of tested agents were placed on the surface of inoculated nutrient 
�D�J�D�U�����%�L�R�O�L�I�H���� �,�W�D�O�\������ �3�O�D�W�H�V���Z�H�U�H�� �L�Q�F�X�E�D�W�H�G���D�W�������� �ƒ�&�� �I�R�U�������� �K�U�V�� �D�Q�G��the zone of inhibition 
was measured (cm). Each experiment wa�V�� �U�H�S�H�D�W�H�G�� �W�K�U�L�F�H�� �D�Q�G�� �W�K�H�� �Ä�P�H�D�Q�� �“�� �V�W�D�Q�G�D�U�G��
deviation�´��values were calculated through Microsoft Excel 2010. 
 
Results and discussion 
 
Major factor limiting the long-term use of antimicrobial agents is resistance. Before 
antibiotics era, many people died of bacterial infections caused by pathogens. Prescribing 
practice of specific class of antibiotics to certain organisms has been found to play a 
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critical role in the development of resistance to that antibiotic. Thus, anitmicrobial 
resistance findings and understanding are necessary to help minimize the emergence of 
multidrug resistant organisms by promoting prudent use of antibiotics. 
Macrolides (azithromycin, erythromycin and tulathromycin) are antibacterial substances 
which have a central lactone ring as their basic structure. Macrolides are active against 
important human and animal pathogens, and their spectrum in general covers G+ bacteria 
such as Streptococcus, Staphylococcus, Enterococcus and Arcanobacterium pyogenes, and 
some G- bacteria like Actinobacillus pleuropneumoniae, Histophilus somni, Mannheimia 
haemolytica, Pasteurella multocida, and Campylobacter. 
In the present study, B. subtilis, E. coli and P. aeruginosa were isolated from biowaste. It 
was found that Bacillus subtilis was sensitive against azithromycin, erythromycin and 
tulathromycin (Tables 1, 2 and 3, Figure 1). The diameter of the inhibition zone increased 
with increasing the concentrations of antibiotics. All three tested antibiotics had similar 
inhibition effect on B. subtilis. B. subtilis was the most sensitive to erythromycin. Further, it 
was observed that E. coli was not sensitive to azithromycin, erythromycin and tulathromycin 
(Tables 1, 2 and 3). The examined antibiotics did not have inhibition effect on E. coli 
because Enterobacteriacea are resistant to macrolides and lincosamides (European Medicines 
Agency, 2010, Varaa, 1993). P. aeruginosa was not sensitive to erythromycin. Opposite to 
erythromycin, azithromycin and tulathromycin exhibit activity against this G- bacterium, 
because it can penetrate their outer wall (Jones, Felmingham et al., 1988; Vaara, 1993;  
Rise and Bonomo, 2007). In this study high concentrations of azithromycin, erythromycin 
and tulathromycin were examined because at lower concentrations these antibiotics did 
notinhibit the growth of microorganisms. 
 
Table1. Antimicrobial Assay of Azithromycin against B. subtilis, E. coli and P. aeruginosa 
 

Antibiotic    Azithromycin    
�� (antibiotics) / mg/L 40 80 800 
d (B. subtilis) / cm �������“�������� �������“�������� �������“�������� 

d (E. coli) / cm 0.0 0.0 0.0 
d (P. aeruginosa) / cm �������“�������� �������“�������� �������“�������� 

 
 
Table 2. Antimicrobial Assay of Erythromycin against B. subtilis, E. coli and P. aeruginosa 
 

Antibiotic    Erythromycin    
�� (antibiotics) / mg/L 40 80 800 
d (B. subtilis) / cm �������“�������� �������“�������� �������“�������� 

d (E. coli) / cm 0.0 0.0 0.0 
d (P. aeruginosa) / cm 0.0 0.0 0.0 
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Table 3. Antimicrobial Assay of Tulathromycin against B. subtilis, E. coli and P. aeruginosa 
 

Antibiotic    Tulathromycin    
�� (antibiotics) / mg/L 40 80 800 
d (B. subtilis) / cm �������“�������� �������“�������� �������“�������� 

d (E. coli) / cm 0.0 0.0 0.0 
d (P. aeruginosa) / cm �������“�������� �������“�������� �������“�������� 

 
 

 
 

Figure 1. Antibacterial activity of azithromycin on (a) B. subtilis, (b) E. coli and (c) P. aeruginosa 
 
 
Conclusions 
 
In different ecosystems, organisms are developing resistance to macrolides. In this study the 
influence of three different macrolide antibiotics, azithromycin, erythromycin and tulathromycin, 
on the growth of bacteria which can be found in the environment, i. e. gram positive bacteria,  
B. subtilis, and gram negative bacteria, E. coli and P. aeruginosa was examined. It was found that 
Bacillus subtilis was sensitive to the examined antibiotics, while Escherichia coli was not. 
Pseudomonas aeruginosa was sensitive to azithromycin and tulathromycin. 
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KROMATOGRAFIJE S MAS ENOM SPEKTROMETRIJOM (GC -MS/MS) 

UDK: 628.16 : 543.3 

�7�H�X�W�D���7�R�P�S�L�ü�
, �9�H�V�Q�D���â�L�P�X�Q�L�ü-�0�H�å�Q�D�U�L�ü�����5�R�V�D�Q�G�D���â�N�Y�R�U�F���9�L�G�R�Y�L�ü 
 
�%�L�R�L�Q�V�W�L�W�X�W���G���R���R�������5�X�G�R�O�I�D���6�W�H�L�Q�H�U�D���������������������ý�D�N�R�Y�H�F�����+�U�Y�D�W�V�N�D 

�V�W�U�X�þ�Q�L���U�D�G 
S�D�å�H�W�D�N 

 
�.�U�D�W�N�R�O�D�Q�þ�D�Q�L�� �S�R�O�L�N�O�R�U�L�U�D�Q�L�� �D�O�N�D�Q�L�� �L�O�L�� �V�N�U�D�ü�H�Q�R���N�O�R�U�R�D�O�N�D�Q�L�� �V�X�� �Y�U�O�R�� �V�O�R�å�H�Q�H�� �W�H�K�Q�L�þ�N�H�� �V�P�M�H�V�H��
polikloriranih n-�D�O�N�D�Q�D���V���G�X�O�M�L�Q�R�P���X�J�O�M�L�N�R�Y�R�G�L�þ�Q�R�J���O�D�Q�F�D���R�G���&10 �± C13 �L���V�D�G�U�å�D�M�H�P���N�O�R�U�D���L�]�P�H�ÿ�X���������L��
70 %. Dobivaju se kloriranjem n-�D�O�N�D�Q�D���L���Q�L�V�X���S�U�L�U�R�G�Q�R���S�U�L�V�X�W�Q�L���X���R�N�R�O�L�ã�X�����=�E�R�J���Q�M�L�K�R�Y�L�K���I�L�]�L�N�D�O�Q�L�K��
svojstava, k�D�R���ã�W�R���V�X�� �Y�L�V�N�R�]�Q�R�V�W���L�� �R�W�S�R�U�Q�R�V�W���J�R�U�H�Q�M�X���� �N�R�U�L�V�W�H�� �V�H�� �X�� �U�D�]�O�L�þ�L�W�H���V�Y�U�K�H�� �N�D�R���Q�S�U���� �D�G�L�W�L�Y�L�� �]�D��
�P�D�]�L�Y�D���� �3�9�&�� �S�O�D�V�W�L�I�L�N�D�W�R�U�L�� �L�� �X�V�S�R�U�L�Y�D�þ�L�� �J�R�U�H�Q�M�D�� �X�� �E�R�M�D�P�D���� �O�M�H�S�L�O�L�P�D�� �L�� �E�U�W�Y�L�O�L�P�D���� �=�E�R�J�� �Y�L�ã�H�J�� �W�O�D�N�D��
�S�D�U�H���L���W�R�S�O�M�L�Y�R�V�W�L���X���Y�R�G�L�����S�R�V�W�R�M�L���S�R�Y�H�ü�D�Q�L���U�L�]�L�N���R�G���L�V�S�X�ã�W�D�Q�M�D���N�O�R�U�R�D�O�N�D�Q�D���X���R�N�R�O�L�ã���X���N�R�M�L���G�R�V�S�L�M�H�Y�D�M�X��
�S�X�W�H�P���S�U�R�L�]�Y�R�G�Q�M�H�����V�N�O�D�G�L�ã�W�H�Q�M�D���L�O�L���X�S�R�U�D�E�H�����3�R�V�W�R�M�D�Q�L���V�X���X���R�N�R�O�L�ã�X���W�H���M�H���X�W�Y�U�ÿ�H�Q�D���Q�M�L�K�R�Y�D���W�R�N�V�L�þ�Q�R�V�W��
i kancerogenost za vodene i kopnene organizme. �8�� �R�Y�R�P�� �U�D�G�X�� �R�S�L�V�D�Q�D�� �M�H�� �P�H�W�R�G�D�� �R�G�U�H�ÿ�L�Y�D�Q�M�D��
kloroalkana u vodi za ljudsk�X���S�R�W�U�R�ã�Q�M�X�����S�R�G�]�H�P�Q�L�P�����S�R�Y�U�ã�L�Q�V�N�L�P���L���R�W�S�D�G�Q�L�P���Y�R�G�D�P�D�����8�]�R�U�F�L���Y�R�G�H��
�]�D�� �L�V�S�L�W�L�Y�D�Q�M�H�� �S�U�L�S�U�H�P�D�M�X�� �V�H�� �H�N�V�W�U�D�N�F�L�M�R�P�� �W�H�N�X�ü�H-�W�H�N�X�ü�H�� �L�� �S�U�R�þ�L�ã�ü�D�Y�D�Q�M�H�P�� �N�U�R�P�D�W�R�J�U�D�I�L�M�R�P�� �Q�D��
stupcu, a identifikacija i kvantifikacija se provodi tehnikom plinske kromatografije s masenom 
spektrometrijom (GC-�0�6���0�6�������3�U�H�P�D���Y�D�å�H�ü�L�P���]�D�N�R�Q�V�N�L�P���S�U�R�S�L�V�L�P�D���5�H�S�X�E�O�L�N�H���+�U�Y�D�W�V�N�H���S�U�R�S�L�V�D�Q�L��
�V�X�� �V�W�D�Q�G�D�U�G�L�� �N�D�N�Y�R�ü�H�� �R�N�R�O�L�ã�D�� �]�D�� �N�O�R�U�R�D�O�N�D�Q�H�� �X�� �S�R�Y�U�ã�L�Q�V�N�L�P�� �Y�R�G�D�P�D�� �N�D�R�� �L�� �P�D�N�V�L�P�D�O�Q�R�� �G�R�]�Y�R�O�M�H�Q�H��
koncentracije u otpadnim vodama. Validacijom metode je dokazana njena primjenjivost 
namjenjenoj svrsi i zadovoljenje zahtjeva regulative te je metoda akreditirana u skladu s normom 
HRN EN ISO/IEC 17025:2017. 
 
�.�O�M�X�þ�Q�H���U�L�M�H�þ�L����kloroalkani, SCCPs, C10-�&���������Y�R�G�D�����R�G�U�H�ÿ�L�Y�D�Q�M�H�����*�&-MS/MS 
 
Uvod 
 
�.�O�R�U�R�D�O�N�D�Q�L���� �R�S�ü�H�� �I�R�U�P�X�O�H�� �&nH2n+2-zClz, su industrijski sintetizirani spojevi dobiveni 
direktnim kloriranjem n-alkana (Slika 1). Kompleksne �W�H�K�Q�L�þ�N�H���V�P�M�H�V�H���R�S�W�L�þ�N�L�K���L�]�R�P�H�U�D���L��
kongenera kloroalkana duljine lanca od C10 do C30 i masenog udijela klora od 30 do 70 % 
proizvode se i prodaju od 1930-ih godina. Kloroalkani su prema duljini lanca podijeljeni u 
�W�U�L�� �V�N�X�S�L�Q�H���� �N�U�D�W�N�R�O�D�Q�þ�D�Q�L�� ���&10 �± C13���� �H�Q�J���� �6�&�&�3�V������ �V�U�H�G�Q�M�H�O�D�Q�þ�D�Q�L�� ���&14 �± C17, MCCPs) i 
�G�X�J�R�O�D�Q�þ�D�Q�L�����&>17, eng. LCCPs) (Gandolfi i sur., 2015). 
Zbog njihove kemijske stabilnosti, viskoznosti i otpornosti gorenju, kloroalkani se koriste 
�N�D�R�� �D�G�L�W�L�Y�L�� �]�D�� �P�D�]�L�Y�D���� �X�V�S�R�U�L�Y�D�þ�L�� �J�R�U�H�Q�M�D�� �X�� �S�O�D�V�W�L�F�L�� �L�� �E�R�M�D�P�D���� �S�O�D�V�W�L�I�L�N�D�W�R�U�L�� �X�� �S�U�H�P�D�]�L�P�D����
brtvila i sl. Nakon zabrane uporabe polikloriranih bifenila (eng. PCB) zamjenjuju ih u 
raznim industrijskim smjesama (Carro i sur., 2018). 

                                                 
*teuta.tompic@bioinstitut.hr 
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Slika 1. �.�U�D�W�N�R�O�D�Q�þ�D�Q�L���N�O�R�U�R�D�O�N�D�Q�L�����6�&�&�3�V�� 
Figure 1. Short chain chlorinated paraffins (SCCPs) 

 
 
�.�O�R�U�R�D�O�N�D�Q�L�� �V�X�� �Y�U�O�R�� �L�Q�W�H�U�H�V�D�Q�W�Q�L�� �]�E�R�J�� �Q�M�L�K�R�Y�H�� �S�R�V�W�R�M�D�Q�R�V�W�L���� �W�R�N�V�L�þ�Q�R�V�W�L���� �Y�L�V�R�N�R�J�� �U�L�]�L�N�D�� �R�G��
�L�V�S�X�ã�W�D�Q�M�D�� �X�� �R�N�R�O�L�ã�� �W�H�� �E�L�R�D�N�X�P�X�O�D�F�L�M�H�� �X�� �P�D�V�Q�R�P�� �W�N�L�Y�X�� �P�R�U�V�N�L�K�� �R�U�J�D�Q�L�]�D�P�D�� �þ�L�P�H�� �V�H��
�Q�D�N�X�S�O�M�D�M�X���L���S�U�H�Q�R�V�H���G�X�å���K�U�D�Q�L�G�E�H�Q�R�J���O�D�Q�F�D�����)�H�R���L���V�X�U�������������������<�X�D�Q���L���V�X�U������������������ 
�3�U�H�P�D�� �]�D�N�R�Q�V�N�L�P�� �S�U�R�S�L�V�L�P�D�� �5�H�S�X�E�O�L�N�H�� �+�U�Y�D�W�V�N�H���� �S�U�R�S�L�V�D�Q�L�� �V�X�� �V�W�D�Q�G�D�U�G�L�� �N�D�N�Y�R�ü�H�� �Y�R�G�Q�R�J��
�R�N�R�O�L�ã�D�� ���6�.�9�2���� �]�D�� �N�O�R�U�R�D�O�N�D�Q�H�� �X�� �N�R�S�Q�H�Q�L�P�� �L�� �R�V�W�D�O�L�P�� �S�R�Y�U�ã�L�Q�V�N�Lm vodama. Tako 
�S�U�R�V�M�H�þ�Q�D�� �J�R�G�L�ã�Q�M�D�� �N�R�Q�F�H�Q�W�U�D�F�L�M�D�� ���3�*�.���� �L�]�Q�R�V�L�� �������� �—�J���O�� �G�R�N�� �M�H�� �P�D�N�V�L�P�D�O�Q�D�� �J�R�G�L�ã�Q�M�D��
�N�R�Q�F�H�Q�W�U�D�F�L�M�D�����0�*�.�������������—�J���O�����8�U�H�G�E�D�������������������7�D�N�R�ÿ�H�U�����S�U�R�S�L�V�D�Q�D���M�H���L���J�U�D�Q�L�þ�Q�D���Y�U�L�M�H�G�Q�R�V�W��
�N�O�R�U�R�D�O�N�D�Q�D���X�� �R�W�S�D�G�Q�L�P�� �Y�R�G�D�P�D�� �N�R�M�H���V�H�� �L�V�S�X�ã�W�D�M�X���X�� �S�R�Y�U�ã�L�Q�V�N�H�� �Y�R�G�H�� �N�D�R��i u sustav javne 
odvodnje te ona iznosi 0,04 mg/l (Pravilnik, 2013). 
�0�H�W�R�G�R�O�R�J�L�M�D���S�R�X�]�G�D�Q�R�J���R�G�U�H�ÿ�L�Y�D�Q�M�D���N�O�R�U�R�D�O�N�D�Q�D���X���Y�R�G�D�P�D���N�D�R���L���X���V�H�G�L�P�H�Q�W�X�����P�X�O�M�X���L�O�L���E�L�R�W�L��
�M�H���S�U�L�O�L�þ�Q�R���ã�W�X�U�D���L���M�R�ã���M�H���X���S�R�Y�R�M�L�P�D�����5�D�]�O�R�J���W�R�P�H���M�H���N�R�P�S�O�H�N�V�Q�R�V�W���V�P�M�H�V�D���N�R�M�H���V�H���R�G�U�H�ÿ�X�M�X�����D��
ko�M�H�� �V�D�G�U�å�H�� �Y�L�ã�H�� �R�G�� ���������� �L�]�R�P�H�U�D�� ���7�R�P�\�� �L�� �V�X�U������ �������������� �,�V�W�R�� �W�D�N�R���� �N�O�R�U�R�D�O�N�D�Q�L�� �V�X�� �L�]�U�D�]�L�W�R��
�K�L�G�U�R�I�R�E�Q�L���L���V�O�D�E�R���W�R�S�L�Y�L���X���Y�R�G�L�����ã�W�R���R�W�H�å�D�Y�D���Q�M�L�K�R�Y�X���G�H�W�H�N�F�L�M�X���X���Y�R�G�H�Q�L�P���X�]�R�U�F�L�P�D�� 
�1�D�M�þ�H�ã�ü�H�� �N�R�U�L�ã�W�H�Q�H���W�H�K�Q�L�N�H�� �H�N�V�W�U�D�N�F�L�M�H�� �]�D�� �S�U�H�G�N�R�Q�F�H�Q�W�U�L�U�D�Q�M�H�� �N�O�R�U�R�D�O�N�D�Q�D���L�]�� �X�]�R�U�D�N�D��vode 
�V�X�� �W�H�N�X�ü�H-�W�H�N�X�ü�H�� �L�� �þ�Y�U�V�W�R-�W�H�N�X�ü�H�� ���&�D�V�W�H�O�O�V�� �L�� �V�X�U������ ������������ �1�R�U�P�D���� ������������ �0�H�ÿ�X�W�L�P���� �W�H�N�X�ü�H-
�W�H�N�X�ü�H�� �H�N�V�W�U�D�N�F�L�M�D�� �]�D�K�W�L�M�H�Y�D�� �S�U�L�P�M�H�Q�X�� �R�W�D�S�D�O�D�� �Y�L�V�R�N�H�� �þ�L�V�W�R�ü�H�� �L�� �N�R�P�S�O�H�N�V�D�Q�� �Q�D�þ�L�Q��
�S�U�R�þ�L�ã�ü�D�Y�D�Q�M�D�� �H�N�V�W�U�D�N�W�D���� �G�R�N�� �þ�Y�U�V�W�R-�W�H�N�X�ü�H�� �H�N�V�W�U�D�N�F�L�M�D�� �X�]�U�R�N�X�M�H�� �S�R�G�L�]�D�Q�M�H�� �E�D�]�Q�H��linije na 
�N�U�R�P�D�W�R�J�U�D�P�X���� �1�D�V�W�D�Y�Q�R�� �W�R�P�H���� �X�� �D�Q�D�O�L�W�L�F�L�� �V�H�� �M�D�Y�O�M�D�� �W�U�H�Q�G�� �U�D�]�Y�R�M�D�� �L�� �N�R�U�L�ã�W�H�Q�M�D�� �W�H�K�Q�L�N�D��
�H�N�V�W�U�D�N�F�L�M�D�� �S�U�L�K�Y�D�W�O�M�L�Y�L�K�� �]�D�� �R�N�R�O�L�ã���� �D�� �M�H�G�Q�D�� �R�G�� �W�D�N�Y�L�K�� �M�H�� �þ�Y�U�V�W�R-�W�H�N�X�ü�H�� �P�L�N�U�R�H�N�V�W�U�D�N�F�L�M�D��
(Castells i sur., 2003). Dobiveni ekstrakt se analizira plinskim kromatografom s 
detektorom zahvata elektrona (eng. GC-ECD) koji je osjetljiv, ali manje selektivan u 
odnosu na plinski kromatograf s masenim spektrometrom i kemijskom ionizacijom 
negativno nabijenim ionima (eng. GC/ECNI-MS) ili plinski kromatograf s dvostrukom 
masenom spektrometrijom (eng. GC-MS/MS). 
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�8�� �R�Y�R�P�� �U�D�G�X�� �R�S�L�V�D�Q�D�� �M�H�� �P�H�W�R�G�D�� �R�G�U�H�ÿ�L�Y�D�Q�M�D�� �N�O�R�U�R�D�O�N�D�Q�D�� �X�� �Y�R�G�L�� �H�N�V�W�U�D�N�F�L�M�R�P�� �W�H�N�X�ü�H-
�W�H�N�X�ü�H�����S�U�R�þ�L�ã�ü�D�Y�D�Q�M�H�P���H�N�V�W�U�D�N�W�D���Q�D���I�O�R�U�L�V�L�O-koloni te identifikacija i kvantifikacija na GC-
MS/MS-�X���� �.�D�R�� �S�R�G�O�R�J�D�� �U�D�]�Y�R�M�X�� �P�H�W�R�G�H�� �N�R�U�L�ã�Wena je Norma, no razlika u odnosu na 
�1�R�U�P�X�� �M�H�� �X�� �L�G�H�Q�W�L�I�L�N�D�F�L�M�L�� �L�� �N�Y�D�Q�W�L�I�L�N�D�F�L�M�L�� �W�U�D�å�H�Q�L�K�� �V�S�R�M�H�Y�D���� �1�D�L�P�H���� �S�U�H�P�D�� �1�R�U�P�L��
identifikacija se provodi tehnikom GC-MS i kemijskom ionizacijom negativno nabijenim 
ionima (eng. NCI), dok je ovdje prikazana identifikacija GC-MS/MS tehnikom uz 
elektronsku ionizaciju (eng. EI). Kvantifikacija se prema Normi provodi metodom 
�X�Q�X�W�D�U�Q�M�H�J�� �V�W�D�Q�G�D�U�G�D���� �D�� �R�Y�G�M�H�� �M�H�� �N�R�U�L�ã�W�H�Q�D�� �N�Y�D�Q�W�L�I�L�N�D�F�L�M�D�� �P�H�W�R�G�R�P�� �Y�D�Q�M�V�N�R�J�� �V�W�D�Q�G�D�U�G�D����
Nadalje, proveden je postupak validacije metode kao dokaz primjenjivosti metode 
namjenjenoj joj svrsi (Norma, 2014; SOP, 2018). 
 
Materijali i metode 
 
Uzorkovanje 
 
�=�D�� �X�]�R�U�N�R�Y�D�Q�M�H�� �L�� �S�U�L�S�U�H�P�X�� �X�]�R�U�N�D�� �N�R�U�L�V�W�L�� �V�H�� �V�W�D�N�O�H�Q�R�� �O�D�E�R�U�D�W�R�U�L�M�V�N�R�� �V�X�ÿ�H���� �8�]�R�U�F�L�� �V�H��
�X�]�L�P�D�M�X�� �X�� �V�W�D�N�O�H�Q�H�� �E�R�F�H�� �V�� �U�D�Y�Q�L�P�� �G�Q�R�P�� �L�� �N�R�Q�X�V�Q�L�P�� �Y�U�D�W�R�P���� �E�U�X�ã�H�Q�L�P�� �J�U�O�R�P�� �L�� �Vtaklenim 
�þ�H�S�R�P�����Y�R�O�X�P�H�Q�D�������������P�O�����:�L�Q�N�O�H�U���E�R�F�H�������%�R�F�H���P�R�U�D�M�X���E�L�W�L���S�U�H�W�K�R�G�Q�R���L�]�Y�D�J�D�Q�H�����8�]�R�U�D�N��
�V�H�� �S�X�Q�L�� �G�R�� �N�R�Q�X�V�Q�R�J�� �G�L�M�H�O�D�� �W�H�� �V�H�� �W�D�N�R�� �Q�D�S�X�Q�M�H�Q�D�� �E�R�F�D�� �Y�D�å�H�� �X�� �V�Y�U�K�X�� �R�G�U�H�ÿ�L�Y�D�Q�M�D�� �P�D�Ve 
odnosno volumena uzorka vode. 
 
Ekstrakcija i koncentriranje 
 
�(�N�V�W�U�D�N�F�L�M�D���W�H�N�X�ü�H-�W�H�N�X�ü�H���V�H���S�U�R�Y�R�G�L���G�L�U�H�N�W�Q�R���X���E�R�F�L���G�R�G�D�W�N�R�P���������P�O���R�W�D�S�D�O�D���]�D���H�N�V�W�U�D�N�F�L�M�X��
(n-�K�H�N�V�D�Q�����W�H���V�H���V�Q�D�å�Q�R���P�L�M�H�ã�D���Q�D���P�D�J�Q�H�W�V�N�R�M���P�L�M�H�ã�D�O�L�F�L���G�Y�D���V�D�W�D�����1�D�N�R�Q���ã�W�R���V�H���I�D�]�H���R�G�L�M�H�O�H����
�Q�D�� �E�R�F�X�� �V�H�� �V�W�D�Y�L�� �P�L�N�U�R�V�H�S�D�U�D�W�R�U���� �'�R�G�D�� �V�H�� �G�R�Y�R�O�M�Q�R�� �Y�R�G�H�� �U�D�G�L�� �R�P�R�J�X�ü�D�Y�D�Q�M�D�� �S�U�L�M�H�O�D�]�D�� �V�O�R�M�D��
ekstrakcijskog otapala iz boce u mikroseparator. Organski sloj se prenese u tikvicu za 
�X�S�D�U�D�Y�D�Q�M�H���W�H���V�H���N�R�Q�F�H�Q�W�U�L�U�D���Q�D���Y�D�N�X�X�P���X�S�D�U�L�Y�D�þ�X���L���X���V�W�U�X�M�L���G�X�ã�L�N�D���G�R���R�W�S�U�L�O�L�N�H�������P�O�� 
 
�3�R�V�W�X�S�D�N���þ�L�ã�ü�H�Q�M�D 
 
�1�D���G�Q�R���V�W�D�N�O�H�Q�H���N�R�O�R�Q�H���V�W�D�Y�L���V�H���þ�H�S���R�G���V�W�D�N�O�H�Q�H���Y�X�Q�H���W�H���V�H���G�R�G�D�����������J���E�D�N�U�H�Q�L�K���þ�H�V�W�L�F�D���N�R�M�H��
se aktiviraju ispiranjem redom s 10 ml kloridne kiseline, 25 ml deionizirane vode i 20 ml 
acetona. Na kraju se kolona tri puta ispere s po 2 ml n-�K�H�N�V�D�Q�D�����1�D���E�D�N�U�H�Q�H���þ�H�V�W�L�F�H���V�H���G�R�G�D��
3 g aktiviranog florisila i 1 g granuliranog bezvodnog natrijeva sulfata te se cijela kolona 
lagano potrese da se slojevi slegnu. Tako pripremljena kolona se kondicionira s 10 ml 
ekstrakcijskog otapala (n-heksan). Na vrh pripremljene i kondicionirane kolone se prenese 
koncentrirani ekstrakt. Eluiranje �V�H���S�U�R�Y�R�G�L�� �Q�D���Q�D�þ�L�Q���S�U�L�N�D�]�D�Q�� �X��Tablici 1. Kloroalkani se 
�R�þ�H�N�X�M�X�� �X�� �H�O�X�D�W�X��koraka c (Tablica 1). Tako dobiveni eluat se koncentrira vakuum 
�X�S�D�U�L�Y�D�þ�H�P�� �S�D�� �X�� �V�W�U�X�M�L�� �G�X�ã�L�N�D�� �G�R�� �V�X�K�D���� �1�D�� �N�R�Q�F�X�� �V�H�� �W�L�N�Y�L�F�D�� �L�V�S�H�U�H�� �V�� ���� �P�O�� �K�H�N�V�D�Q�D���� �W�D�N�R��
dobiveni ekstrakt se prenese u �E�R�þ�L�F�X���]�D���*�&���We se pristupi GC-MS/MS analizi. 
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Tablica 1. �3�R�V�W�X�S�D�N���þ�L�ã�ü�H�Q�M�D���H�N�V�W�U�D�N�W�D���Q�D���N�R�O�R�Q�L 
Table 1. Column clean-up of extract 
 

 
 
 
Rezultati i rasprava 
 
Identifikacija i kvantifikacija (GC-MS/MS analiza) 
 
Kloroalkani u uzorcima vode se kvantificiraju metodom vanjskog standarda i ekstrahiraju 
�R�U�J�D�Q�V�N�L�P�� �R�W�D�S�D�O�R�P�� �H�N�V�W�U�D�N�F�L�M�R�P�� �W�H�N�X�ü�H-�W�H�N�X�ü�H���� �3�R�V�W�X�S�D�N�� �R�E�R�J�D�ü�H�Q�M�D�� �X�]�R�U�N�D�� �M�H�� �S�U�D�ü�H�Q��
�S�R�V�W�X�S�N�R�P�� �þ�L�ã�ü�H�Q�M�D�� �X�� �V�Y�U�K�X�� �X�N�O�D�Q�M�D�Q�M�D�� �L�Q�W�H�U�I�H�U�L�U�D�M�X�ü�L�K�� �W�Y�D�U�L���� �.�R�Q�F�H�Q�W�U�L�U�D�Q�L�� �H�N�V�W�U�D�N�W 
analizira se tehnikom GC-MS/MS (Thermo Scientific, SAD, Slika 2), na kapilarnoj koloni 
niske polarnosti, uz detekciju i kvantifikaciju dvostrukom masenom spektrometrijom uz 
elektronsku ionizaciju (EI). Kromatografski uvjeti su prikazani u Tablici 2. Izbor masenih 
�I�U�D�J�P�H�Q�D�W�D���M�H���V�S�H�F�L�I�L�þ�D�Q���]�D���U�D�]�O�L�þ�L�W�H���W�H�K�Q�L�þ�N�H���V�P�M�H�V�H�����N�D�R���L���]�D���Q�M�L�K�R�Y���V�D�G�U�å�D�M���N�O�R�U�D���W�H���E�U�R�M���L��
�Q�D�þ�L�Q�� �U�D�V�S�R�G�M�H�O�H�� �&�� �D�W�R�P�D���� �2�G�D�E�U�D�Q�L�� �P�D�V�H�Q�L�� �V�S�H�N�W�D�U�� �V�H�� �L�Q�W�H�J�U�L�U�D�� �S�U�H�N�R�� �F�L�M�H�O�R�J�� �U�D�V�S�R�Q�D��
�Y�U�H�P�H�Q�D�� �]�D�G�U�å�D�Y�D�Q�M�D�� �N�O�R�U�R�D�O�N�D�Q�D�� ���6�O�L�N�D�� �������� �.�D�O�L�E�U�D�F�L�M�D�� �]�D�K�W�M�H�Y�D�� �Q�D�M�P�D�Q�M�H�� �W�U�L�� �U�D�]�O�L�þ�L�W�R��
�V�D�V�W�D�Y�O�M�H�Q�H�� �V�W�D�Q�G�D�U�G�Q�H�� �V�P�M�H�V�H���� �N�R�M�H�� �V�O�L�þ�H�� �E�U�R�M�H�P�� �X�J�O�M�L�N�R�Y�L�K�� �D�W�R�P�D�� �L�� �V�D�G�U�å�D�M�H�P�� �N�O�R�U�D��
�U�D�]�O�L�þ�L�W�L�P�� �W�H�K�Q�L�þ�N�L�P�� �V�P�M�H�V�D�P�D�� ���6�O�L�N�D�� �������� �5�D�]�O�R�J�� �W�R�P�H�� �M�H�� �G�D�� �U�D�]�O�L�þ�L�W�R�V�W�� �V�D�G�U�å�D�M�D�� �N�O�R�U�D�� �L��
�U�D�V�S�R�G�M�H�O�H�� �X�J�O�M�L�N�R�Y�L�K�� �D�W�R�P�D�� �X�� �W�H�K�Q�L�þ�N�L�P�� �V�P�M�H�V�D�P�D�� �R�G�J�R�Y�D�U�D�� �L�V�W�L�P�D �S�U�R�Q�D�ÿ�H�Q�L�P�� �X��
�X�]�R�U�F�L�P�D�� �L�]�� �R�N�R�O�L�ã�D���� �D�� �W�R�� �Q�H�� �P�R�å�H�� �E�L�W�L�� �R�S�L�V�D�Q�R�� �X�S�R�U�D�E�R�P�� �V�D�P�R�� �M�H�G�Q�H�� �V�W�D�Q�G�D�U�G�Q�H�� �V�P�M�H�V�H����
�.�Y�D�Q�W�L�I�L�N�D�F�L�M�D�� �V�X�P�H�� �N�O�R�U�R�D�O�N�D�Q�D�� �V�H�� �S�U�R�Y�R�G�L�� �Q�D�� �R�V�Q�R�Y�X�� �N�D�O�L�E�U�D�F�L�M�H�� �Y�L�ã�H�V�W�U�X�N�R�P�� �O�L�Q�H�D�U�Q�R�P��
regresijom i uporabom metode vanjskog standarda. 
 
Koncentracija kloro�D�O�N�D�Q�D���U�D�þ�X�Q�D���V�H���Q�D���Y�R�Oumen uzorka vode prema Formuli 1: 
 

�&�����—�J���O����� �����&ex x Vex) / Vs    (1) 
 
Cex � ���N�R�Q�F�H�Q�W�U�D�F�L�M�D���N�O�R�U�R�D�O�N�D�Q�D���X���H�N�V�W�U�D�N�W�X���R�þ�L�W�D�Q�D���L�]���V�R�I�W�Y�H�U�D�����—�J���O�� 
Vex = volumen ekstrakta (ml) 
Vs = volumen uzorka (ml) 
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Vs = m1 - m2     (2) 
 
m1 = masa zatvorene boce s uzorkom (g) 
m2 = masa prazne boce (g) 
 
 
�0�H�W�R�G�D�� �R�P�R�J�X�ü�X�M�H�� �N�Y�D�Q�W�L�I�L�N�D�F�L�M�X�� �V�X�P�H�� �N�O�R�U�R�D�O�N�D�Q�D�� �]�D�� �N�R�M�X�� �V�H�� �R�þ�H�N�X�M�H�� �G�D�� �S�U�R�ã�L�U�H�Q�D��
mjerna nesigurnost bude manja od 50 % (Norma, 2014; SOP, 2018). Sa svakom serijom 
uzora�N�D���R�G�U�H�ÿ�X�M�H���V�H���L���V�O�L�M�H�S�D���S�U�R�E�D�� 
 

 
 

Slika 2. Plinski kromatograf s masenim spektrometrom (GC-MS/MS) 
Figure 2. Gas chromatograph with mass spectrometer (GC-MS/MS) 

 
 
Tablica 2. Uvjeti rada na instrumentu (GC-MS/MS) 
Table 2. Instrument conditions (GC-MS/MS) 
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Slika 3. Maseni spektar standardne otopine kloroalkana 
Figure 3. Mass spectra of SCCPs 

 
 
 

 
 

Slika 4. Krivulja linearne regresije standardnih otopina kloroalkana 
Figure 4. Linear regression plot of SCCPs 
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Validacija metode i procjena mjerne nesigurnosti 
 
�2�G�U�H�ÿ�H�Q�L���V�X�� �V�O�L�M�H�G�H�ü�L�� �S�D�U�D�P�H�W�U�L�� �Y�D�O�L�G�D�F�L�M�H���� �J�U�D�Q�L�F�H�� �N�Y�D�Q�W�L�I�L�N�D�F�L�M�H���� �O�L�Q�H�D�U�Q�R�V�W���� �S�R�Q�R�Y�O�M�L�Y�R�V�W��
pripreme uzorka, ponovljivost injektiranja (mje�U�H�Q�M�D���� �L�� �W�R�þ�Q�R�V�W���� �6�N�U�D�ü�H�Q�L�� �S�U�L�Naz 
validacijskih rezultata prikazan je u Tablici 3. Kriteriji prihvatljivosti preuzeti su iz Norme 
�L�� �]�D�N�R�Q�V�N�L�K�� �S�U�R�S�L�V�D�� �]�D�� �Y�R�G�H���� �1�D�� �R�V�Q�R�Y�X�� �S�R�V�W�X�S�D�N�D�� �S�U�L�S�U�H�P�H�� �L�� �P�M�H�U�H�Q�M�D�� �X�]�R�U�D�N�D�� �S�R�P�R�ü�X��
�L�Q�V�W�U�X�P�H�Q�W�D�� �W�H�� �S�U�R�Y�H�G�H�Q�H�� �Y�D�O�L�G�D�F�L�M�H���� �Q�D�S�U�D�Y�O�M�H�Q�� �M�H�� �L�]�U�D�þ�X�Q�� �S�U�R�ã�L�U�H�Q�H�� �P�M�H�U�Q�H�� �Q�H�V�L�J�X�U�Q�R�V�W�L��
koja za ovu metodu iznosi 37 %. 
 
Tablica 3. �5�H�]�X�O�W�D�W�L���Y�D�O�L�G�D�F�L�M�H���D�Q�D�O�L�W�L�þ�N�H���P�H�W�R�G�H�� 
Table 3. Analytical method validation results 
 

 
 
 
�=�D�N�O�M�X�þ�D�N 
 
�7�R�N�V�L�þ�Q�L�� �L�� �N�D�Q�F�H�U�R�J�H�Q�L�� �X�þ�L�Q�F�L�� �N�O�R�U�R�D�O�N�D�Q�D�� �Q�D�� �å�L�Y�L�� �V�Y�L�M�H�W�� �W�H�� �S�U�L�V�X�W�Q�R�V�W�� �L�� �S�R�V�W�R�M�D�Q�R�V�W�� �X��
�V�D�V�W�D�Y�Q�L�F�D�P�D���R�N�R�O�L�ã�D���X�N�D�]�X�M�X���Q�D���V�Y�H���Y�H�ü�X���S�R�W�U�H�E�X���]�D���D�Q�D�O�L�W�L�þ�N�L�P���R�G�U�H�ÿ�L�Y�D�Q�M�H�P���Q�D�Y�H�G�H�Q�L�K��
�V�S�R�M�H�Y�D���� �,�V�W�R�� �W�D�N�R���� �R�G�U�H�ÿ�L�Y�D�Q�M�H�� �N�O�R�U�R�D�O�N�D�Q�D�� �X�� �S�R�Y�U�ã�L�Q�V�N�L�P�� �L�� �R�W�S�D�G�Q�L�P�� �Y�R�G�D�P�D�� �]�D�K�W�M�H�Y�� �M�H��
zakonske regulative u Republici Hrvatskoj. 
�$�Q�D�O�L�W�L�þ�N�R�� �L�V�S�L�W�L�Y�D�Q�M�H�� �L�P�D�� �Y�L�V�R�N�X�� �F�L�M�H�Q�X�� �M�H�U�� �]�D�K�W�M�H�Y�D�� �X�S�R�U�D�E�X�� �V�R�I�L�V�W�L�F�L�U�D�Q�L�K�� �L�Q�V�W�U�X�P�H�Q�D�W�D��
visoke osjetljivosti, automatiziranih koncentratora, skupih standardnih otopina te ostalih 
kemikalija i pribora. 
Validacijski rezultati dobiveni u Laboratoriju za ekologiju Bioinstituta ukazuju da ispitana 
�P�H�W�R�G�D���]�D�G�R�Y�R�O�M�D�Y�D���N�U�L�W�H�U�L�M�H���]�D���R�G�U�H�ÿ�L�Y�D�Q�M�H���N�O�R�U�R�D�O�N�D�Q�D���X���Y�R�G�D�P�D�� 
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DETERMINATION OF SHORT -CHAIN POLYCHLORINATED ALKANES 
(SCCPS) IN WATER BY GAS CHROMATOGRAPHY -MAS 

SPECTROMETRY (GC-MS/MS) 

UDC: 628.16 : 543.3 

�7�H�X�W�D���7�R�P�S�L�ü, �9�H�V�Q�D���â�L�P�X�Q�L�ü-�0�H�å�Q�D�U�L�ü�����5�R�V�D�Q�G�D���â�N�Y�R�U�F���9�L�G�R�Y�L�ü 
 
�%�L�R�L�Q�V�W�L�W�X�W���G���R���R�������5�X�G�R�O�I�D���6�W�H�L�Q�H�U�D���������������������ý�D�N�R�Y�H�F����Croatia 

professional paper 
Summary 

 
Short-chain polychlorinated alkanes or paraffins (SCCPs) are highly complex technical mixtures of 
polychlorinated n-alkanes having a C10-C13 hydrocarbon chain length with the chlorine content 
between 49 and 70%. They are obtained by chlorination of n-alkanes and they are not naturally 
present in the environment. Because of their physical properties such as viscosity and burn 
resistance, they are used for various purposes, such as lubricant additives, PVC plasticizers and 
flame retardants in paints, adhesives and sealants. Due to higher vapour pressure and water 
solubility, SCCPs have high potential of releasing into the environment during their production, 
storage or usage. They are persistent in the environment and their toxicity and carcinogenicity have 
been determined for aquatic and terrestrial organisms. This paper describes the method for 
determination of SCCPs in water for human consumption, underground, surface and waste water. 
Test water samples are prepared by liquid-liquid extraction and purification by column 
chromatography. Identification and quantification are performed by gas chromatographic mass 
spectrometry technique (GC-MS/MS). According to the regulations of the Republic of Croatia, 
environmental quality standards of SCCPs for surface water and maximum allowable concentrations 
in wastewaters are prescribed. Validation of the method has proved its applicability to the intended 
purpose and compliance with regulatory requirements. The method is accredited according to HRN 
EN ISO/IEC 17025:2017. 
 
Keywords: polychlorinated alkanes, SCCPs, C10-C13, water, determination, GC-MS/MS 
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�=�E�R�J���V�Y�H���Y�H�ü�H�J���U�D�]�Y�R�M�D���Q�D�X�W�L�þ�N�R�J���W�X�U�L�]�P�D�����N�D�N�Y�R�ü�D���Y�R�G�D���]�D���S�L�ü�H���Q�D���E�U�R�G�R�Y�L�P�D���L�P�D���V�Y�H���]�Q�D�þ�D�M�Q�L�M�X��
�X�O�R�J�X�����&�L�O�M���R�Y�R�J���U�D�G�D���E�L�R���M�H���D�Q�D�O�L�]�L�U�D�W�L���U�H�]�X�O�W�D�W�H���N�D�N�Y�R�ü�H���Y�R�G�H���]�D���S�L�ü�H���Q�D���U�D�]�O�L�þ�L�W�L�P���Y�U�V�W�D�P�D���E�U�R�G�R�Y�D��
u Primorsko-�J�R�U�D�Q�V�N�R�M���å�X�S�D�Q�L�M�L�����X���S�H�W�Q�D�H�V�W�R�J�R�G�L�ã�Q�M�H�P���U�D�]�G�R�Elju od 2002. do 2016. godine. Ukupno 
�M�H���D�Q�D�O�L�]�L�U�D�Q�R�����������X�]�R�U�D�N�D�����Q�D���R�V�Q�R�Y�Q�H���P�L�N�U�R�E�L�R�O�R�ã�N�H���L���I�L�]�L�N�D�O�Q�R-�N�H�P�L�M�V�N�H���S�R�N�D�]�D�W�H�O�M�H�����S�U�L���þ�H�P�X���V�X��
�N�R�U�L�ã�W�H�Q�H�� �V�W�D�Q�G�D�U�G�Q�H�� �,�6�2�� �P�H�W�R�G�H���� �.�R�U�H�O�D�F�L�M�V�N�D�� �D�Q�D�O�L�]�D�� �U�H�]�X�O�W�D�W�D�� �S�R�N�D�]�D�O�D�� �M�H�� �X�J�O�D�Y�Q�R�P�� �G�R�E�U�X��
�S�R�Y�H�]�D�Q�R�V�W�� �U�D�]�O�L�þ�L�W�L�K�� �P�L�N�U�R�E�L�R�O�R�ã�N�L�K�� �S�R�N�D�]�D�W�H�O�M�D���� �W�H�� �Q�H�ã�W�R�� �V�O�D�E�L�M�X�� �L�]�P�H�ÿ�X�� �I�L�]�L�N�D�O�Q�R-kemijskih i 
�P�L�N�U�R�E�L�R�O�R�ã�N�L�K�� �S�R�N�D�]�D�W�H�O�M�D���� �6�W�D�W�L�V�W�L�þ�N�L�� �]�Q�D�þ�D�M�Q�D�� �U�D�]�O�L�N�D�� �X�� �N�D�N�Y�R�ü�L�� �Y�R�G�H�� �]�D�� �S�L�ü�H�� �Q�D�� �E�U�R�G�R�Y�L�P�D��
�X�R�þ�H�Q�D���M�H���S�R���J�R�G�L�Q�D�P�D���� �P�M�H�V�H�F�L�P�D�����V�H�]�R�Q�D�P�D�����D���W�D�N�R�ÿ�H�U���L���S�R���Y�U�V�W�L���V�X�E�M�H�N�W�D���N�R�M�L���G�R�V�W�D�Y�O�M�D���Y�R�G�X���Q�D 
�D�Q�D�O�L�]�X���� �6�Y�L�� �P�L�N�U�R�E�L�R�O�R�ã�N�L�� �S�R�N�D�]�D�W�H�O�M�L���� �L�]�X�]�H�Y�� �X�N�X�S�Q�L�K�� �N�R�O�L�I�R�U�P�Q�L�K�� �E�D�N�W�H�U�L�M�D���� �X�� �S�U�R�P�D�W�U�D�Q�R�P��
razdoblju imaju silazan trend. Broj izraslih kolonija (UBB) i P. aeruginosa �L�P�D�M�X���Q�D�M�Y�H�ü�L�� �S�R�U�D�V�W���X��
�O�L�V�W�R�S�D�G�X���� �N�D�R�� �L�� �L�Q�G�L�N�D�W�R�U�L�� �I�H�N�D�O�Q�R�J�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� ��E. coli i ente�U�R�N�R�N�L������ �N�R�M�L�� �V�H�� �X�� �S�R�Y�L�ã�H�Q�L�P��
�N�R�Q�F�H�Q�W�U�D�F�L�M�D�P�D���S�R�M�D�Y�O�M�X�M�X���L���W�L�M�H�N�R�P���O�M�H�W�D�����8�]�R�U�F�L���G�R�V�W�D�Y�O�M�H�Q�L���R�G���V�W�U�D�Q�H���E�U�R�G�R�J�U�D�G�L�O�L�ã�W�D���J�H�Q�H�U�D�O�Q�R���V�X��
�E�R�O�M�H�� �N�D�N�Y�R�ü�H�� �X�� �R�G�Q�R�V�X�� �Q�D�� �X�]�R�U�N�H�� �G�R�V�W�D�Y�O�M�H�Q�H�� �R�G�� �V�W�U�D�Q�H�� �E�U�R�G�D�U�V�N�L�K�� �D�J�H�Q�F�L�M�D���� �8�� �F�L�O�M�X�� �H�I�L�N�D�V�Q�L�M�H��
�N�R�Q�W�U�R�O�H�� �N�D�N�Y�R�ü�H�� �Y�R�G�H�� �]�D�� �S�L�ü�H���L�� �X�Q�D�S�U�M�H�ÿ�H�Q�M�D�� �]�D�ã�W�L�W�H�� �S�R�W�U�R�ã�D�þ�D���� �S�R�W�U�H�E�Q�R�� �M�H�� �U�X�W�L�Q�V�N�L�� �L�V�S�L�W�L�Y�D�W�L��
koncentraciju rezidualnog klora i prisutnost Legionella. 
 
�.�O�M�X�þ�Q�H���U�L�M�H�þ�L�� �N�D�N�Y�R�ü�D���Y�R�G�H�����E�U�R�G�R�Y�L�����P�L�N�U�R�E�L�R�O�R�ã�N�R���R�Q�H�þ�L�ã�ü�H�Q�M�H�����S�O�D�Q���V�L�J�X�U�Q�R�V�W�L���Y�R�G�H���G�H�]�L�Q�I�H�N�F�L�M�D 
 
Uvod 
 
Na svakom brodu potrebno �M�H�� �R�V�L�J�X�U�D�Y�D�W�L�� �R�S�V�N�U�E�X�� �V�L�J�X�U�Q�H�� �Y�R�G�H�� �]�D�� �O�M�X�G�V�N�X�� �S�R�W�U�R�ã�Q�M�X���� �ã�W�R��
�X�N�O�M�X�þ�X�M�H���� �Y�R�G�X�� �]�D�� �S�L�ü�H���� �S�U�D�Q�M�H���� �S�U�L�S�U�H�P�X�� �K�U�D�Q�H���� �R�S�V�N�U�E�X�� �Y�R�G�H�Q�L�K�� �U�H�N�U�H�D�W�L�Y�Q�L�K�� �V�D�G�U�å�D�M�D����
�N�R�Q�W�U�R�O�X�� �Y�D�W�U�H���� �S�U�R�L�]�Y�R�G�Q�M�X�� �S�D�U�H���� �S�H�U�L�O�L�F�H�� �S�R�V�X�ÿ�D���� �S�U�D�R�Q�L�F�X�� �U�X�E�O�M�D���� �N�O�L�P�D�W�L�]�D�F�L�M�X���� �N�R�W�O�R�Y�H����
�:�&���� �K�O�D�ÿ�H�Q�M�H�����9�R�G�D�� �]�D�� �O�M�X�G�V�N�X�� �S�R�W�U�R�ã�Q�M�X�� �P�R�U�D�� �E�L�W�L�� �G�R�V�W�X�S�Q�D�� �X�� �G�R�Y�R�O�M�Q�R�M�� �N�R�O�L�þ�L�Q�L�� �L��
�R�G�J�R�Y�D�U�D�M�X�ü�H���N�D�N�Y�R�ü�H���N�D�N�R���Q�H���E�L���L�]�D�]�Y�D�O�D���ã�W�H�W�Q�H���S�R�V�O�M�H�G�L�F�H���]�D���O�M�X�G�V�N�R���]�G�U�D�Y�O�M�H�����0�R�U�D���E�L�W�L��
slobodna od svih parazita, mikroorganizama, kemikalija ili drugih tvari koje, prisutne u 
vodi u od�U�H�ÿ�H�Q�L�P���N�R�Q�F�H�Q�W�U�D�F�L�M�D�P�D���S�U�H�G�V�W�D�Y�O�M�D�M�X���U�L�]�L�N za zdravlje ljudi (WHO, 2007). 
U skladu sa smjernicama Svjetske zdravstvene organizacije (SZO, eng. World Health 
Organisation, WHO) i Internacionalne udruge voda (eng. International Water Association, 
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IWA), susta�Y�L�� �N�R�Q�W�U�R�O�H�� �Y�R�G�H�� �Q�D�� �E�U�R�G�R�Y�L�P�D�� �W�U�H�E�D�M�X�� �E�L�W�L�� �X�N�O�M�X�þ�H�Q�L�� �X�� �3�O�D�Q�� �V�L�J�X�U�Q�R�V�W�L�� �Y�R�G�D��
(eng. Water Safety Plan, WSP). U WSP-u jasno je definirano upravljanje pitkom vodom 
�R�G�� �V�D�P�R�J�� �S�U�R�M�H�N�W�L�U�D�Q�M�D���� �L�]�J�U�D�G�Q�M�H���� �S�X�ã�W�D�Q�M�D�� �X�� �S�R�J�R�Q�� �W�H�� �Q�D�G�J�O�H�G�D�Q�M�D�� �L�� �R�G�U�å�D�Y�D�Q�M�D�� �V�X�V�W�D�Y�D����
kako bi se osigurale higijenske mjere za cijeli proces vodoopskrbe broda. Plan sigurnosti 
�Y�R�G�H�����:�6�3�����W�U�H�E�D�M�X���S�U�L�P�M�H�Q�M�L�Y�D�W�L���V�Y�L���R�S�H�U�D�W�R�U�L���S�X�W�Q�L�þ�N�L�K���E�U�R�G�R�Y�D�� 
�:�6�3�� �N�R�U�D�F�L�� �X�N�O�M�X�þ�X�M�X���� �S�U�R�F�M�H�Q�X���V�X�V�W�D�Y�D���� �R�S�H�U�D�W�L�Y�Q�R���S�U�D�ü�H�Q�M�H���L�� �S�O�D�Q�� �X�S�U�D�Y�O�M�D�Q�M�D�����3�U�L�O�L�N�R�P��
osnivanja WSP tima �W�U�H�E�D�� �R�G�U�H�G�L�W�L�� �Y�R�G�L�W�H�O�M�D�� �W�L�P�D�� �W�H�� �S�R�V�D�G�X�� �L�O�L�� �G�U�X�J�R�� �R�E�X�þ�H�Q�R�� �R�V�R�E�O�M�H��
odgovorno za provedbu WSP-�D�� ���P�H�Q�D�G�å�H�U�L���� �L�Q�å�H�Q�M�H�U�L���� �N�R�Q�W�U�R�O�R�U�L�� �N�Y�D�O�L�W�H�W�H�� �Y�R�G�H����
medicinsko osoblje). Osoblje odgovorno za primjenu WSP-�D�� �S�R�W�U�H�E�Q�R�� �M�H�� �R�E�X�þ�L�W�L�� �]�D��
upravljanje sustavima pitke vode, provedbu postupaka nadzora, kontrolnih mjera i 
korektivnih radnja. Sustave vodoopskrbe potrebno je redovito procjenjivati, od zahvata 
�Y�R�G�H���G�R���S�R�W�U�R�ã�D�þ�D�����X�N�O�M�X�þ�X�M�X�ü�L���L�]�Y�R�U���Y�R�G�H�����X�W�R�Y�D�U�����R�E�U�D�G�X�����V�N�O�D�G�L�ã�W�H�Q�M�H���L���G�L�V�W�U�L�E�X�F�L�M�X���Y�R�G�H����
Tijekom postupka procjene �V�X�V�W�D�Y�D�� �X�W�Y�U�ÿ�X�M�X�� �V�H�� �L�� �P�R�J�X�ü�H�� �R�S�D�V�Q�R�V�W�L���� �2�G�J�R�Y�R�U�Q�R�V�W�� �]�D��
�X�S�U�D�Y�O�M�D�Q�M�H�� �U�L�]�L�F�L�P�D�� �V�Q�R�V�L�� �P�H�Q�D�G�å�H�U�� �N�R�M�L�� �M�H�� �R�G�J�R�Y�R�U�D�Q�� �]�D�� �L�]�J�U�D�G�Q�M�X�� �V�X�V�W�D�Y�D�� �G�L�V�W�U�L�E�X�F�L�M�H�� �L��
�G�R�S�U�H�P�D�Q�M�H���S�L�W�N�H���Y�R�G�H�����'�D���E�L���V�H���R�V�L�J�X�U�D�O�D���X�V�S�M�H�ã�Q�D���L�P�S�O�H�P�H�Q�W�D�F�L�M�D���:�6�3-a potrebno je da 
vlasnik ili upravitelj d�H�I�L�Q�L�U�D���R�G�J�R�Y�R�U�Q�R�V�W���þ�O�D�Q�R�Y�D���S�R�V�D�G�H�����'�R�N�X�P�H�Q�W�D�F�L�M�D���:�6�3-a treba biti 
potpuna i aktualna (WHO, 2007). 
�0�R�J�X�ü�H�� �R�S�D�V�Q�R�V�W�L�� �X�N�O�M�X�þ�X�M�X�� �P�L�N�U�R�E�L�R�O�R�ã�N�R�� �R�Q�H�þ�L�ã�ü�H�Q�M�H���� �Q�D�M�þ�H�ã�ü�H�� �I�H�N�D�O�Q�L�P��
mikroorganizmima (E. coli, enterokoki, Cryptosporidium spp.), Mycobacterium spp. te 
Legionella spp���� �0�R�J�X�ü�D�� �M�H�� �N�R�Q�W�D�P�L�Q�D�F�L�M�D�� �N�H�P�L�M�V�N�L�P�� �V�S�R�M�H�Y�L�P�D�� �N�D�R�� �S�R�V�O�M�H�G�L�F�D�� �L�]�O�D�J�D�Q�M�D��
�W�H�ã�N�L�P�� �P�H�W�D�O�L�P�D���� �R�V�W�D�F�L�P�D�� �G�H�]�L�Q�I�H�N�F�L�M�V�N�R�J�� �V�U�H�G�V�W�Y�D���� �Q�X�V�S�U�R�G�X�N�W�L�P�D�� �G�H�]�L�Q�I�H�N�F�L�M�H����
pesticidima, hlapivim organskim spojevima (eng. Volatile Organic Compaund's, VOC). 
�7�D�N�R�ÿ�H�U�����X�]�U�R�F�L�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� �Y�R�G�H�� �P�R�J�X�� �E�L�W�L�� �L�� �I�L�]�L�N�D�O�Q�D�� �V�U�H�G�V�W�Y�D���� �S�U�L�P�M�H�U�L�F�H�� �V�H�G�L�P�H�Q�W�L�� �L��
�þ�H�V�W�L�F�H�����V�S�R�M�H�Y�L���R�W�S�X�ã�W�H�Q�L���L�]�� �P�D�W�H�U�L�M�D�O�D���F�L�M�H�Y�L���L���V�S�U�H�P�Q�L�N�D�����å�H�O�M�H�]�Q�L���L���P�D�Q�J�D�Q�V�N�L�� �I�L�O�P�R�Y�L���L�O�L��
biofilmovi (EU SHIPSAN ACT, 2016.). 
�9�R�G�D���V�H���Q�D���E�U�R�G�R�Y�L�P�D���P�R�å�H���R�Q�H�þ�L�V�W�L�W�L���Q�D���Y�L�ã�H���Q�D�þ�L�Q�D�����N�R�Q�W�D�P�L�Q�D�F�L�M�D���V�D�P�R�J���L�]�Y�R�U�D���Y�R�G�H���]�D��
�O�M�X�G�V�N�X�� �S�R�W�U�R�ã�Q�M�X�����W�L�M�H�N�R�P�� �X�W�R�Y�D�U�D���� �W�L�M�H�N�R�P�� �V�N�O�D�G�L�ã�W�H�Q�M�D���L�O�L�� �X�Q�X�W�D�U���G�L�V�W�U�L�E�X�F�L�M�V�N�R�J�� �V�X�V�W�D�Y�D����
�.�R�Q�W�D�P�L�Q�L�U�D�Q�� �L�]�Y�R�U�� �Y�R�G�H�� �P�R�å�H�� �E�L�W�L�� �P�R�U�V�N�D�� �Y�R�G�D�� �N�R�M�D�� �V�H�� �Q�D�� �E�U�R�G�X�� �N�R�U�L�V�W�L�� �]�D�� �S�U�R�L�]�Y�R�G�Q�M�X��
�S�L�W�N�H�� �Y�R�G�H�� �L�O�L�� �Y�R�G�D�� �P�R�å�H�� �S�R�W�M�H�F�D�W�L�� �Lz luke u kojoj se brod opskrbljuje pitkom vodom. 
�.�R�Q�W�D�P�L�Q�D�F�L�M�D�� �W�L�M�H�N�R�P�� �X�W�R�Y�D�U�D�� �Q�D�V�W�D�M�H�� �N�D�G�D�� �V�H�� �Y�R�G�D�� �]�D�J�D�G�L�� �W�L�M�H�N�R�P�� �S�X�Q�M�H�Q�M�D�� �S�R�P�R�ü�X��
�F�U�L�M�H�Y�D�� �]�D�� �S�X�Q�M�H�Q�M�H���� �V�S�R�U�H�G�Q�L�K�� �E�R�þ�Q�L�K�� �S�U�L�N�O�M�X�þ�D�N�D���� �.�R�Q�W�D�P�L�Q�D�F�L�M�D�� �S�L�W�N�H�� �Y�R�G�H�� �W�L�M�H�N�R�P��
�V�N�O�D�G�L�ã�W�H�Q�M�D���P�R�å�H���E�L�W�L���X�]�U�R�N�R�Y�D�Q�D���X�O�D�V�N�R�P stranih materijala ili drugih tvari kao posljedica 
�Q�H�S�U�D�Y�L�O�Q�R�J�� �S�U�R�M�H�N�W�L�U�D�Q�M�D�� �V�S�U�H�P�Q�L�N�D�� �Y�R�G�H���� �]�E�R�J�� �Q�H�D�G�H�N�Y�D�W�Q�R�J�� �þ�L�ã�ü�H�Q�M�D�� �V�S�U�H�P�Q�L�N�D����
�S�U�L�V�X�W�Q�R�V�W�L�� �V�H�G�L�P�H�Q�W�D�� �X�� �V�S�U�H�P�Q�L�F�L�P�D���� �I�R�U�P�L�U�D�Q�M�D�� �E�L�R�I�L�O�P�D�� ���G�R�S�U�L�Q�R�V�H�� �U�D�]�P�Q�R�å�D�Y�D�Q�M�X��
posebice Legionella, Pseudomonas aeruginosa, Mycobacterium spp������ �D�P�H�E�D���� �R�ã�W�H�ü�H�Q�L�K�� �L��
�Q�H�L�V�S�U�D�Y�Q�L�K�� �V�S�U�H�P�Q�L�N�D���� �X�O�D�V�N�D�� �V�W�U�D�Q�L�K�� �P�D�W�H�U�L�M�D�O�D�� �L�O�L�� �G�U�X�J�L�K�� �W�Y�D�U�L�� �W�L�M�H�N�R�P�� �R�G�U�å�D�Y�D�Q�M�D�� �L�O�L��
�S�R�S�U�D�Y�N�D�� �V�S�U�H�P�Q�L�N�D���� �S�R�M�D�Y�H�� �S�R�Y�U�D�W�Q�R�J�� �W�R�N�D���� �Q�H�D�G�H�N�Y�D�W�Q�R�J�� �S�U�D�ü�H�Q�M�D�� �W�H�P�S�H�U�D�W�X�U�H�� �þ�L�M�H��
�S�R�Y�L�ã�H�Q�M�H�� �]�D�� �S�R�V�O�M�H�G�L�F�X�� �L�P�D�� �U�D�V�W�� �E�D�N�W�H�U�L�M�D�� �Q�H�D�G�H�N�Y�D�W�Q�H�� �G�H�]�L�Q�I�H�N�F�L�M�H�� �L�O�L�� �N�U�L�å�Q�H�� �Y�H�]�H�� �V��
�W�H�K�Q�L�þ�N�L�P�����F�U�Q�L�P���L�O�L���V�Lvim sustavima vode (CDC, 2019). 
�=�D���P�L�Q�L�P�D�O�L�]�L�U�D�Q�M�H���U�L�]�L�N�D���S�R�W�U�H�E�Q�R���M�H���K�L�J�L�M�H�Q�V�N�H���S�R�V�W�X�S�N�H���R�G�U�å�D�Y�D�Q�M�D���U�H�G�R�Y�L�W�R���S�U�R�Y�R�G�L�W�L�����R��
�þ�H�P�X���]�D�S�L�V�L���P�R�U�D�M�X���E�L�W�L���G�R�V�W�X�S�Q�L���Q�D���X�Y�L�G���S�U�L�O�L�N�R�P���L�Q�V�S�H�N�F�L�M�H�����3�U�L�Me utovara vode na brod, 
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�F�U�L�M�H�Y�D�� �M�H�� �S�R�W�U�H�E�Q�R�� �L�V�S�L�U�D�W�L�� �P�O�D�]�R�P�� �S�L�W�N�H�� �Y�R�G�H�� �P�L�Q�L�P�D�O�Q�R�� �W�U�L�� �P�L�Q�X�W�H���� �1�D�N�R�Q�� �N�R�U�L�ã�W�H�Q�M�D����
�F�U�L�M�H�Y�D�� �M�H�� �S�R�W�U�H�E�Q�R�� �L�V�S�U�D�W�L�� �W�H�� �S�R�N�O�R�S�L�W�L�� �N�D�S�L�F�D�P�D�� �Q�D�� �R�E�D�� �N�U�D�M�D�� �F�U�L�M�H�Y�D���� �]�E�R�J�� �V�S�U�M�H�þ�D�Y�D�Q�M�D��
�G�D�O�M�Q�M�H�J�� �R�Q�H�þ�L�ã�ü�H�Q�M�D���� �6�S�U�H�P�Q�L�F�L�� �S�L�W�N�H�� �Y�R�G�H�� �P�R�U�D�M�X�� �E�L�W�L���R�]�Q�D�þ�H�Q�L�� �U�L�M�H�þ�L�P�D�� �Ä�S�L�W�N�D�� �Y�R�G�D�³����
�V�O�R�Y�L�P�D���Y�L�V�L�Q�H���Q�D�M�P�D�Q�M�H�����������F�P�����,�]�P�H�ÿ�X���V�S�U�H�P�Q�L�N�D���S�L�W�N�H���Y�R�G�H���L���Y�R�G�H���N�R�M�D���Q�H���V�O�X�å�L���]�D���S�L�ü�H��
�Q�H�� �V�P�L�M�H�� �S�R�V�W�R�M�D�W�L�� �N�U�L�å�Q�D�� �Y�H�]�D���� �6�P�M�H�U�� �W�R�N�D�� �Y�R�G�H�� �S�R�W�U�H�E�Q�R�� �M�H�� �S�U�L�N�D�]�D�W�L�� �V�W�U�H�O�L�F�R�P���� �D�� �X�Q�X�W�D�U��
sustava prevenirati pojavu povratnog toka vode. Sredstva koja se koriste za premazivanje 
�F�L�M�H�Y�L�� �Q�H�� �V�P�L�M�X�� �E�L�W�L�� �L�]�Y�R�U�� �W�R�N�V�L�þ�Q�L�K�� �W�Y�D�U�L�� �N�R�M�H�� �P�L�J�U�L�U�D�M�X�� �X�� �S�L�W�N�X�� �Y�R�G�X���� �8�� �F�L�O�M�X�� �N�R�Q�W�U�R�O�H��
Legionella �S�U�L�O�L�N�R�P�� �G�L�V�W�U�L�E�X�F�L�M�H�� �K�O�D�G�Q�H�� �Y�R�G�H�� �W�H�P�S�H�U�D�W�X�U�D�� �Q�H�� �V�P�L�M�H�� �S�U�H�O�D�]�L�W�L�� ������ �ƒ�&����
�P�H�ÿ�X�W�L�P���W�R���M�H���W�H�ã�N�R���R�V�W�Y�D�U�L�Y�R���X���Y�U�X�ü�L�P���N�O�L�P�D�W�V�N�L�P���X�Y�M�H�W�L�P�D�����7�D�N�R�ÿ�H�U�����L�]���L�V�W�R�J���U�D�]�O�R�J�D�����S�U�L��
�G�L�V�W�U�L�E�X�F�L�M�L���W�R�S�O�H���Y�R�G�H���W�H�P�S�H�U�D�W�X�U�D���Q�H���V�P�L�M�H���E�L�W�L���L�V�S�R�G���������ƒ�&�����6�Y�H���F�L�M�H�Y�L���L���V�S�U�H�P�Q�L�F�L���P�R�U�D�M�X��
�E�L�W�L�� �L�]�R�O�L�U�D�Q�L�� �N�D�N�R�� �E�L�� �V�H�� �L�]�E�M�H�J�D�R�� �U�D�V�S�R�Q�� �W�H�P�S�H�U�D�W�X�U�H�� �R�G�� ������ �G�R�� ������ �ƒ�&���� �N�R�M�L�� �M�H�� �S�R�V�H�E�Q�R��
pogodan za razvoj Legionella (EU SHIPSAN ACT, 2016). Kontrolne mjere efikasnosti 
�S�U�R�Y�H�G�E�H�� �K�L�J�L�M�H�Q�V�N�L�K�� �S�R�V�W�X�S�D�N�D�� �R�E�X�K�Y�D�ü�D�M�X�� �L�V�S�L�W�L�Y�D�Q�M�H�� �R�V�Q�R�Y�Q�L�K�� �S�R�N�D�]�D�W�H�O�M�D�� �N�D�N�Y�R�ü�H��
�Y�R�G�H�����N�D�R���ã�W�R���V�X���S�+���L���U�H�]�L�G�X�D�O�Q�L���N�O�R�U�����U�D�V�S�R�Q���N�U�H�W�D�Q�M�D���]�D���N�O�R�U���N�U�H�ü�H���V�H���R�G�����������G�R�����������P�J���/������
�0�L�N�U�R�E�L�R�O�R�ã�N�X�� �N�D�N�Y�R�ü�X�� �Y�R�G�H�� �S�R�W�U�H�E�Q�R�� �M�H�� �U�H�G�R�Y�L�W�R�� �S�U�R�Y�M�H�U�D�Y�D�W�L���� �0�M�H�V�H�þ�Q�R�� �V�H�� �Y�R�G�D�� �]�D��
�O�M�X�G�V�N�X�� �S�R�W�U�R�ã�Q�M�X�� �L�V�S�L�W�X�M�H�� �Q�D��E. coli �X�]�L�P�D�Q�M�H�P�� �þ�H�W�L�U�L�� �V�O�X�þ�D�M�Q�D�� �X�]�R�U�N�D�� �Y�R�G�H���� �3�U�R�Y�M�H�U�D��
pokazatelja Legionella �S�U�H�S�R�U�X�þ�D�� �V�H�� �V�Y�D�N�L�K�� ���� �P�M�H�V�H�F�L���� �,�Q�V�S�H�N�F�L�M�D�� �F�M�H�Y�R�Y�R�G�D�� �S�U�R�Y�R�G�L�� �V�H��
rutinskim vizualnim pregledima svakih 12 mjeseci, a kontrola tankova najmanje jednom u 
�G�Y�L�M�H�� �J�R�G�L�Q�H���Q�D�N�R�Q���X�J�U�D�G�Q�M�H�����.�R�U�H�N�W�L�Y�Q�H�� �P�M�H�U�H���S�R�G�X�]�L�P�D�M�X���V�H�� �D�N�R���V�H�� �X�N�D�å�H�� �G�D���S�R�V�W�R�M�H�ü�H��
�P�M�H�U�H���Q�H���G�M�H�O�X�M�X���X�þ�L�Q�N�R�Y�L�W�R���L���W�R���X���Q�D�M�N�U�D�ü�H�P���P�R�J�X�ü�H�P���U�R�N�X����EU SHIPSAN ACT, 2016). 
Cilj ovog rada bio je analizirati zdravstvenu ispravnost uzoraka vode uzetih na analizu s 
�U�D�]�O�L�þ�L�W�L�K�� �Y�U�V�W�D�� �E�U�R�G�R�Y�D�� �X�� �U�D�]�G�R�E�O�M�X�� �R�G�� ������������ �G�R�� ������������ �J�R�G�L�Q�H�� �Q�D�� �S�R�G�U�X�þ�M�X�� �3�U�L�P�R�U�V�N�R-
�J�R�U�D�Q�V�N�H�� �å�X�S�D�Q�L�M�H���� �8�N�X�S�Q�R�� �M�H�� �L�V�S�L�W�D�Q�R�� �������� �X�]�R�U�D�N�D���� �3�U�D�ü�H�Q�D�� �M�H�� �Y�U�H�P�H�Q�V�N�D�� �G�L�V�W�U�L�E�X�F�L�M�D��
�S�R�N�D�]�D�W�H�O�M�D�� �N�D�N�Y�R�ü�H�� �Y�R�G�H��po godinama, mjesecima odnosno sezonama ispitivanja. 
Provedeno je ispitivanje povezanosti fizikalno-�N�H�P�L�M�V�N�L�K���L���P�L�N�U�R�E�L�R�O�R�ã�N�L�K���S�R�N�D�]�D�W�H�O�M�D�����N�R�M�L��
�V�H�� �L�V�S�L�W�X�M�X���X���U�X�W�L�Q�V�N�R�M���D�Q�D�O�L�]�L�� �Y�R�G�H�� �]�D�� �S�L�ü�H���� �7�D�N�R�ÿ�H�U�����D�Q�D�O�L�]�L�U�D�Q�R���M�H�� �G�D�� �O�L�� �S�R�V�W�R�M�L���U�D�]�O�L�N�D�� �X��
�N�D�N�Y�R�ü�L���Y�R�G�H���]�D���S�L�ü�H�����R�Y�L�V�Q�R���R���Y�U�V�W�L���V�X�E�M�H�N�W�D���N�R�M�L���G�R�V�W�D�Y�O�M�D���Y�R�G�X���Q�D���D�Q�D�O�L�]�X�� 
 
Materijali i metode 
 
Uzorkovanje vode 
 
�3�U�L�O�L�N�R�P�� �X�]�R�U�N�R�Y�D�Q�M�D�� �]�D�E�L�O�M�H�å�H�Q�D�� �M�H�� �W�H�P�S�H�U�D�W�X�U�D���� �Y�U�L�M�H�P�H�� �X�]�R�U�N�R�Y�D�Q�M�D���� �Y�U�V�W�D�� �X�]�R�U�N�D�� �W�H��
�Y�U�V�W�D���L���N�R�O�L�þ�L�Q�D���G�H�]�L�Q�I�L�F�L�M�H�Q�V�D�����.�R�O�L�þ�L�Q�D���Y�R�G�H���N�R�M�H���V�H���X�]�U�R�N�R�Y�D�O�D���L�]�Qosila je 1 L. Provedena 
je inaktivacija klora u uzorku dodatkom natrij tiosulfata u spremnik s uzorkom. Uzorci su 
�G�R�V�W�D�Y�O�M�H�Q�L���X���O�D�E�R�U�D�W�R�U�L�M���X���Q�D�M�N�U�D�ü�H�P���P�R�J�X�ü�H�P���U�R�N�X���X���K�O�D�G�Q�M�D�F�L�P�D���X���N�R�M�L�P�D���M�H���Rsigurana 
temperatura od 4 �“ �����ƒ�&�� 
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Fizikalno-kemijski pokazatelji 
 
�%�R�M�D�� �Y�R�G�H�� �R�G�U�H�ÿ�L�Y�D�O�D�� �V�H�� �S�U�H�P�D�� �+�5�1�� �(�1�� �,�6�2�� ���������������������� �S�+�� �Y�U�L�M�H�G�Q�R�V�W�� �S�U�H�P�D�� �+�5�1�� �(�1��
�,�6�2�� ������������������������ �P�X�W�Q�R�ü�D�� �Y�R�G�H�� �S�U�H�P�D�� �+�5�1�� �(�1�� �,�6�2�� ��������-1:2016, elektrovodljivost 
prema HRN EN 27888:2008, permanganatni indeks (KMnO4) prema EN ISO 8467:2001. 
 
Mikrobio�O�R�ã�N�L���S�R�N�D�]�D�W�H�O�M�L 
 
�2�G�� �P�L�N�U�R�E�L�R�O�R�ã�N�L�K�� �S�R�N�D�]�D�W�H�O�M�D�� �X�� �X�]�R�U�F�L�P�D�� �V�H�� �L�V�S�L�W�L�Y�D�R�� �E�U�R�M�� �D�H�U�R�E�Q�L�K�� �P�H�]�R�I�L�O�Q�L�K�� �N�R�O�R�Q�L�M�D��
na temperaturi inkubacije 22 �ƒ�&�� �L�� ���� �ƒ�&�� ���8�%�%�������� �L�� �8�%�%���������� �S�U�H�P�D�� �+�5�1�� �(�1�� �,�6�2��
6222:2000) u razdoblju od 2002. do 2016. Od fekalnih indikatora u razdoblju od 2006. do 
2016. ispitivane su ukupne koliformne bakterije (UK, prema HRN EN ISO 9308-1:2000 i 
HRN EN ISO 9308-1:2014), Escherichia coli (EC, prema HRN EN ISO 9308-1:2000 i 
HRN EN ISO 9308-1:2014) i crijevni enterokoki (ENT, prema HRN EN ISO 7899-
2:2000). Prisutnost Pseudomonas aeruginosa (PA, prema HRN EN ISO 16266:2008) 
�R�G�U�H�ÿ�L�Y�D�O�D�� �V�H�� �X�� �U�D�]�G�R�E�O�M�X�� �R�G�� ������������ �G�R�� ������������ �8�N�X�S�Q�L�� �E�U�R�M�� �N�R�O�R�Q�L�M�D�� ���8�%�%���� �R�G�U�H�ÿ�L�Y�D�Q�� �M�H��
�W�H�K�Q�L�N�R�P���X�O�L�M�H�Y�D�Q�M�D���L�O�L���Ä�S�R�X�U���S�O�D�W�H�³���W�H�K�Q�L�N�R�P�����D���8�.�����(�&�����(�1�7���L���3�$���W�H�K�Q�L�N�R�P���P�H�P�E�U�D�Q�V�N�H��
filtracije. 
 
St�D�W�L�V�W�L�þ�N�D���R�E�U�D�G�D���U�H�]�X�O�W�D�W�D 
 
�5�H�]�X�O�W�D�W�L�� �V�X�� �R�S�L�V�D�Q�L�� �G�H�V�N�U�L�S�W�L�Y�Q�R�P�� �V�W�D�W�L�V�W�L�N�R�P���� �U�H�O�D�W�L�Y�Q�L�P�� �I�U�H�N�Y�H�Q�F�L�M�D�P�D���� �D�U�L�W�P�H�W�L�þ�N�R�P��
sredinom (AS) i rasponom podataka (min �± maks). Obzirom da je Kolmogorov-
Smirinovljevog test pokazao da rezultati ne prate Gaussovu krivulju, �R�E�U�D�ÿ�H�Q�L�� �V�X��
primjenom neparametrijskih testova: Mann-Whitney U test, Kruskal-Wallis H test te 
�6�S�H�D�U�P�D�Q�R�Y�� �N�R�H�I�L�F�L�M�H�Q�W�� �N�R�U�H�O�D�F�L�M�H���� �Q�D�� �U�D�]�L�Q�L�� �V�W�D�W�L�V�W�L�þ�N�H�� �]�Q�D�þ�D�M�Q�R�V�W�L�� �S�������������� �=�D�� �V�W�D�W�L�V�W�L�þ�N�X��
�R�E�U�D�G�X���S�U�L�N�X�S�O�M�H�Q�L�K���S�R�G�D�W�D�N�D���N�R�U�L�ã�W�H�Q���M�H���V�R�I�W�Y�H�U�V�N�L��paket Statistica (verzija 9.1). 
 
Rezultati i rasprava 
 
Na Slici 1 prikazan je ukupan broj ispitanih uzoraka vode s brodova u razdoblju od 2002. do 
2016. (N = 478), s visokim brojem zdravstveno neispravnih uzoraka (N = 394; 82 %). Od 
fizikalno-�N�H�P�L�M�V�N�L�K���S�R�N�D�]�D�W�H�O�M�D�����N�U�L�W�H�U�L�M���P�X�W�Q�R�ü�H���Q�L�M�H���]�D�G�R�Y�R�O�M�H�Q���N�R�G�����������X�]�R�U�D�N�D�����������������������S�+��
vrijednost nije bila u propisanom rasponu kod 3 % uzoraka (13/471), a kriterij za KMnO4 nije 
zadovoljilo 2 % uzoraka (8/471). Od ispitanih mikrobi�R�O�R�ã�N�L�K�� �S�R�N�D�]�D�W�H�O�M�D�� �8�%�%�������� �Q�L�M�H�� �E�L�R��
sukladan propisanim kriterijima kod 47 % (225/476), UBB/22 kod 30 % (136/458), UKB kod  
6 % uzoraka (22/394), EC kod 2 % uzoraka (9/395), ENT kod 3 % (11/395), PA kod 13 % 
(24/184). Rezidualni klor ispitan je u samo 2 % uzoraka (12/478) i svi uzorci odgovarali su 
�N�U�L�W�H�U�L�M�X���� �'�D�N�O�H���� �I�H�N�D�O�Q�R�� �R�Q�H�þ�L�ã�ü�H�Q�M�H�� ���S�U�L�V�X�V�W�Y�R�� �L�Q�G�L�N�D�W�R�U�D�� �I�H�N�D�O�Q�R�J�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� �(�&���� �(�1�7����
�]�D�E�L�O�M�H�å�H�Q�R���M�H���X���P�D�O�R�P���E�U�R�M�X���X�]�R�U�D�N�D���������������������������������G�R�N���M�H���Q�D�M�Y�H�ü�L���X�G�L�R���X�]�R�U�D�N�D�����a���������������E�L�R��
zdravstveno neispravan zbog p�R�Y�L�ã�H�Q�R�J���8�%�%�����*�U�H�Q�I�H�O�O�����������������M�H���P�L�ã�O�M�H�Q�M�D���G�D���S�R�N�D�]�D�W�H�O�M���8�%�%����
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�L�V�S�L�W�D�Q�� �M�H�G�Q�R�N�U�D�W�Q�R���� �Q�H�� �S�U�X�å�D�� �G�R�Y�R�O�M�Q�R�� �L�Q�I�R�U�P�D�F�L�M�D�� �W�H�� �V�H�� �Q�H�� �W�U�H�E�D�� �L�V�S�L�W�L�Y�D�W�L�� �X�� �V�O�X�þ�D�M�H�Y�L�P�D��
�S�U�R�Y�R�ÿ�H�Q�M�D���S�R�S�U�D�Y�Q�L�K���U�D�G�Q�M�L�����N�R�M�H���V�O�L�M�H�G�H���Q�D�N�R�Q���O�R�ã�H�J���Q�D�O�D�]�D�����2�Q���V�P�D�W�U�D���G�D���S�R�N�D�]�D�W�H�O�M�L���N�R�M�L���V�H���X��
tim okolnostima ispituju trebaju biti direktnije povezani s javno-zdravstvenim interesom, 
primjerice rezidualni klor, koliformi, E. coli i enterokoki. 
 

 
 

Slika 1. �%�U�R�M���X�N�X�S�Q�R���L�V�S�L�W�D�Q�L�K���X�]�R�U�D�N�D�����]�G�U�D�Y�V�W�Y�H�Q�R���Q�H�L�V�S�U�D�Y�Q�L�K���L���P�L�N�U�R�E�L�R�O�R�ã�N�L���Q�H�L�V�S�U�D�Y�Q�L�K��
uzoraka vode uzetih na brodovima tijekom razdoblja 2002. �± 2016. 

Figure 1. Total number of tested samples, number of non-compliant samples and non-compliant to 
microbiological standards, taken on ships during the period 2002-2016 

 
�3�R�N�D�]�D�W�H�O�M�L�� �P�L�N�U�R�E�L�R�O�R�ã�N�H�� �N�D�N�Y�R�ü�H�� �Y�R�G�H���� �E�U�R�M�� �L�]�U�D�V�O�L�K�� �N�R�O�R�Q�L�M�D�� �Q�D�� �W�H�P�S�H�U�D�W�X�U�D�P�D�� �L�Q�N�X�E�D�F�L�M�H�� 
������ �ƒ�&�� �L�� ������ �ƒ�&���� �S�U�D�ü�H�Q�L�� �V�X�� �X�� �S�H�U�L�R�G�X�� ������������ �G�R�� ������������ �J���� �1�D�� �6�O�L�F�L�� ���� �P�R�å�H�� �V�H�� �X�R�þ�L�W�L�� �G�D�� �M�H�� �W�U�H�Q�G��
kretanja za oba �S�R�N�D�]�D�W�H�O�M�D���Q�H�J�D�W�L�Y�D�Q���� �1�D�M�P�D�Q�M�D���V�U�H�G�Q�M�D���J�R�G�L�ã�Q�M�D���Y�U�L�M�H�G�Qost za UBB/37 bila je 
�������������F�I�X�����������P�O�����D���Q�D�M�Y�H�ü�D���������������F�I�X�����������P�O�����=�D���8�%�%���������]�D�E�L�O�M�H�å�H�Q�H���V�X���Q�H�ã�W�R���Q�L�å�H���Y�U�L�M�H�G�Q�R�V�W�L���X��
�R�G�Q�R�V�X���Q�D���8�%�%�����������V���U�D�V�S�R�Q�R�P���N�U�H�W�D�Q�M�D���V�U�H�G�Q�M�L�K���J�R�G�L�ã�Q�M�L�K���Y�U�L�M�H�G�Q�R�V�W�L���R�G�������������± 403,6 cfu/100 
�P�O���� �1�D�M�Y�H�ü�H�� �Y�U�L�M�H�G�Q�R�V�W�L�� �E�U�R�M�D�� �N�R�O�R�Q�L�M�D�� �Q�D�� �R�E�M�H�� �W�H�P�S�H�U�D�W�X�U�H�� �]�D�E�L�O�M�H�å�H�Q�H�� �V�X�� ������������ �L�� ������������ �J������
�P�H�ÿ�X�W�L�P���L�]�P�H�ÿ�X���L�V�S�L�W�L�Y�D�Q�L�K���J�R�G�L�Q�D���Q�L�M�H���X�W�Y�U�ÿ�H�Q�D���V�W�D�W�L�V�W�L�þ�N�L���]�Q�D�þ�D�M�Q�D���U�D�]�O�L�N�D�� 
 

 
 

Slika 2. Trend kretanja broja kolonija pri temperaturama od 22 �ƒ�&���L������ �ƒ�&�� 
tijekom razdoblja 2002. �± 2016. 

Figure 2. Trend of the heterotrophic plate count (HPC) at the temperatures 22 �ƒ�&�����+�3�&���������� 
and 37 �ƒ�&�����+�3�&�����������G�X�U�L�Q�J���W�K�H���S�H�U�L�R�G����������-2016 
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�1�D�� �6�O�L�F�L�� ���� �S�U�L�N�D�]�D�Q�H�� �V�X�� �V�U�H�G�Q�M�H�� �J�R�G�L�ã�Q�M�H�� �Y�U�L�M�H�G�Q�R�V�W�L�� �I�H�N�D�O�Q�L�K�� �L�Q�G�L�N�D�W�R�U�D�� ���X�N�X�S�Q�L�K��
koliformnih bakterija �± UKB, E. coli �± EC i enterokoka �± ENT) za razdoblje od 2006. do 
������������ �J�R�G�L�Q�H���� �6�W�D�W�L�V�W�L�þ�N�D�� �D�Q�D�O�L�]�D�� �S�R�G�D�W�D�N�D�� �S�R�N�D�]�D�O�D�� �M�H�� �G�D�� �V�H�� �V�U�H�G�Q�M�H�� �J�R�G�L�ã�Q�M�H�� �Y�U�L�M�H�G�Q�R�V�W�L��
�I�H�N�D�O�Q�L�K���L�Q�G�L�N�D�W�R�U�D���X���S�U�R�P�D�W�U�D�Q�R�P���U�D�]�G�R�E�O�M�X���]�Q�D�þ�D�M�Q�R���Q�H���U�D�]�O�L�N�X�M�X�����1�D�M�Y�H�ü�L���E�U�R�M���X�N�X�S�Q�L�K��
�N�R�O�L�I�R�U�P�Q�L�K�� �E�D�N�W�H�U�L�M�D�� ���8�.�%���� �]�D�E�L�O�M�H�å�H�Q�� �M�H�� ������������ �L�� ������������ �J�R�G�L�Q�H���� �V�� �U�D�V�W�X�ü�L�P�� �J�R�G�L�ã�Q�M�L�P��
�W�U�H�Q�G�R�P�� ���U�D�V�S�R�Q�� �J�R�G�L�ã�Q�M�L�K�� �V�U�H�G�Q�M�L�K�� �Y�U�L�M�H�G�Q�R�V�W�L�� �R�G�� ���������± 40,7 cfu/100 ml). E. coli i 
�H�Q�W�H�U�R�N�R�N�L���S�R�N�D�]�D�O�L���V�X���Q�D�M�Y�H�ü�L���S�R�U�D�V�W���X���������������J�������V���S�D�G�D�M�X�ü�L�P���J�R�G�L�ã�Q�M�L�P���W�U�H�Q�G�R�P�����*�R�G�L�ã�Q�M�H��
srednje vrijednosti za EC kretale su se od 0,0 �± 3,6 cfu/100 ml, a za ENT 0,0 do 4,6 
cfu/100 ml. 
 

 
 

Slika 3. Trend kretanja broja fekalnih indikatora (UKB �± ukupnih koliformnih bakterija;  
EC �± E. coli; ENT �± enterokoki) tijekom razdoblja 2006. �± 2016. 

Figure 3. Trend of the number of fecal indicators bacteria (FIB, TC �± total coliform bacteria;  
EC �± E. coli; ENT �± enterococci) during the period 2006-2016 

 
Pokazatelj kvalitete vode P. aeruginosa �U�X�W�L�Q�V�N�L�� �V�H�� �S�U�D�W�L�� �X�� �Y�R�G�L�� �]�D�� �O�M�X�G�V�N�X�� �S�R�W�U�R�ã�Q�M�X�� �R�G��
2014. godine. Slika 4 prikazuje negativan trend kretanja broja kolonija PA u razdoblju 
�������������G�R���������������J�����1�D�M�Y�H�ü�L���E�U�R�M���S�R�U�D�V�O�L�K���E�D�N�W�H�U�L�M�D���]�D�E�L�O�M�H�å�H�Q���M�H���������������J�������P�H�ÿ�X�W�L�P���U�D�]�O�L�N�H���X��
�V�U�H�G�Q�M�L�P�� �J�R�G�L�ã�Q�M�L�P�� �Y�U�L�M�H�G�Q�R�V�W�L�P�D�� �E�U�R�M�D�� �N�R�O�R�Q�L�M�D�� �Q�L�V�X�� �E�L�O�H�� �V�W�D�W�L�V�W�L�þ�N�L�� �]�Q�D�þ�D�M�Q�H���� �*�R�G�L�ã�Q�M�H��
srednje vrijednosti varirale su od 0,2 cfu/100 ml (2014. g.) do 137,1 cfu/100 ml (2016. g.). 
 

 
 

Slika 4. Trend kretanja broja kolonija P. aeruginosa u razdoblju 2014.�± 2016. 
Figure 4. Trend of the number of colonies of P. aeruginosa during the period 2014�±2016 
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Na Slici 5 prikazane su srednje vrijednosti pH u razdoblju od 2002. do 2016. godine. 
Kruskal-Wallis testom i post-hoc �D�Q�D�O�L�]�R�P�� �X�W�Y�U�ÿ�H�Q�D�� �M�H�� �V�W�D�W�L�V�W�L�þ�N�L�� �]�Q�D�þ�D�M�Q�D�� �U�D�]�O�L�N�D�� �X��
�Y�U�L�M�H�G�Q�R�V�W�L�P�D�� �S�+�� �L�]�P�H�ÿ�X�� �J�R�G�L�Q�D�� ���.-W test, H (14, N = 450) = 80,069, p < 0,0001). 
�3�D�U�D�P�H�W�D�U�� �S�+�� �E�L�W�D�Q�� �M�H�� �]�E�R�J�� �X�þ�L�Q�N�R�Y�L�W�R�V�W�L�� �G�H�]�L�Q�I�H�N�F�L�M�H���� �S�U�L�� �þ�H�P�X�� �M�H�� �X�þ�L�Q�D�N�� �Q�D�M�Y�H�ü�L�� �N�R�G��
slabo kisele do neutralne pH vrijednosti (Canadian Chlorine Coordinating Committee, 
���������������1�D�M�Y�H�ü�D���Y�U�L�M�H�G�Q�R�V�W���S�+���]�D�E�L�O�M�H�å�H�Q�D���M�H���������������J�������P�D�N�V�����S�+ = 11,3,. sr. god. vr. = 8,9), 
�N�D�G�D�� �M�H�� �X�M�H�G�Q�R�� �]�D�E�L�O�M�H�å�H�Q�� �L�� �Q�D�M�Y�H�ü�L�� �S�R�U�D�V�W�� �X�N�X�S�Q�R�J�� �E�U�R�M�D�� �E�D�N�W�H�U�L�M�D�� ���8�%�%�������� �L�� �8�%�%������������
�S�R�N�D�]�D�W�H�O�M�D�� �N�R�M�L�� �S�U�L�P�D�U�Q�R�� �X�N�D�]�X�M�X�� �Q�D�� �X�þ�L�Q�D�N�� �G�H�]�L�Q�I�H�N�F�L�M�H���� �,�]�� �Q�D�Y�H�G�H�Q�R�J�� �S�U�R�L�]�O�D�]�L�� �G�D�� �X��
2006. godini dezinfekcija vode nije adekvatno provedena. 
 

 
 

Slika 5. pH vrijednosti u razdoblju 2002.�± 2016. 
Figure 5. pH values during the period 2002�±2016 

 
Kruskal-Wallis i post hoc �D�Q�D�O�L�]�D�� �X�N�D�]�D�O�L�� �V�X�� �Q�D�� �V�W�D�W�L�V�W�L�þ�N�L�� �]�Q�D�þ�D�M�Q�X�� �P�M�H�V�H�þ�Q�X�� �U�D�]�O�L�N�X�� �X��
UBB/37 i UBB/22 (K-W test, H (11, N = 457) = 46,802, p < ������������������ �1�D�M�Y�H�ü�L�� �S�R�U�D�V�W��
�]�D�E�L�O�M�H�å�H�Q���M�H���X���O�L�V�W�R�S�D�G�X�����D���Q�D�M�P�D�Q�M�L���X���R�å�X�M�N�X���L���V�L�M�H�þ�Q�M�X�����6�O�L�N�D�������� 

 
 

Slika 6. �6�U�H�G�Q�M�H���P�M�H�V�H�þ�Q�H���Y�U�L�M�H�G�Q�R�V�W�L���D�����8�%�%���������L���E�����8�%�%���������W�L�M�H�N�R�P���U�D�]�G�R�E�O�M�D���������������± 2016. 
Figure 6. �0�H�D�Q���P�R�Q�W�K�O�\���Y�D�O�X�H�V���R�I���D�����+�H�W�H�U�R�W�U�R�S�K�L�F���3�O�D�W�H���&�R�X�Q�W���D�W���������ƒ�&�����+�3�&�����������D�Q�G�� 

�E�����+�H�W�H�U�R�W�U�R�S�K�L�F���3�O�D�W�H���&�R�X�Q�W���D�W���������ƒ�&�����+�3�&�����������G�X�U�L�Q�J���W�K�H���S�H�U�L�R�G����������-2016 

a) b) 
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�3�R�U�D�V�W�� �I�H�N�D�O�Q�L�K�� �N�R�O�L�I�R�U�P�Q�L�K�� �E�D�N�W�H�U�L�M�D�� ���)�,�%�� � �� �8�.�%���� �(�&���� �(�1�7���� �E�L�R�� �M�H�� �Q�D�M�Y�H�ü�L�� �X�� �V�U�S�Q�M�X�� �L��
listopadu, a UKB su �S�R�N�D�]�D�O�H���V�X���S�L�N���L���X���N�R�O�R�Y�R�]�X�����6�O�L�N�D�����������L�]���þ�H�J�D���M�H���Y�L�G�O�M�L�Y�R���G�D���S�R�U�D�V�W�X��
fekalnih indikatorskih bakterija (FIB-�D�����S�R�J�R�G�X�M�H���Y�L�ã�D���W�H�P�S�H�U�D�W�X�U�D���Y�R�G�H�����P�H�ÿ�X�W�L�P���X�R�þ�H�Q�H��
�U�D�]�O�L�N�H���Q�L�V�X���E�L�O�H���V�W�D�W�L�V�W�L�þ�N�L���]�Q�D�þ�D�M�Q�H�� 
 

 
 

Slika 7. �6�U�H�G�Q�M�H���P�M�H�V�H�þ�Q�H���Y�U�L�M�H�G�Q�R�V�W�L���)�,�%�����8�.�����(�&�����(�1�7�����W�L�M�H�N�R�P���U�D�]�G�R�E�O�M�D���������������± 2016. 
Figure 7. Mean monthly values of Faecal Indicator Bacteria (FIB = TC �± Total Coliform,  

EC �± E. coli, ENT �± enterococci) during the period 2006-2016 
 
�1�D�M�Y�H�ü�D���V�U�H�G�Q�M�D���J�R�G�L�ã�Q�M�D���Y�U�L�M�H�G�Q�R�V�W���X�W�U�R�ã�N�D���.�0�Q�24 izmjerena je u lipnju (1,4 mg/l O2), a 
�Q�D�M�Q�L�å�D���X���U�X�M�Q�X�������������P�J���O���22) (K-W test, H (11, N = 450) = 39,338, p < 0,0001), Slika 8a. 
�1�D�M�Y�L�ã�D���V�U�H�G�Q�M�D���J�R�G�L�ã�Q�M�D���Y�U�L�M�H�G�Q�R�V�W���P�X�W�Q�R�ü�H���P�M�H�U�H�Q�D���M�H���X���V�W�X�G�H�Q�R�P�������������1�7�8�������D���Q�D�M�Q�L�å�D���X��
kolovozu (0,8 NTU) (K-W test, H (11, N = 393) = 51,666, p < 0,0001). Razlike u 
�P�M�H�V�H�F�L�P�D���E�L�O�H���V�X���V�W�D�W�L�V�W�L�þ�N�L���]�Q�D�þ�D�M�Q�H�����,�]���Q�D�Y�H�G�H�Q�R�J���V�H���P�R�å�H���]�D�N�O�M�X�þ�L�W�L���G�D���]�D�P�X�ü�H�Q�M�X���Y�R�G�H��
�S�R�J�R�G�X�M�X�� �]�L�P�V�N�L�� �P�M�H�V�H�F�L���� �N�D�G�D�� �V�X�� �R�E�R�U�L�Q�H�� �L�Q�W�H�Q�]�L�Y�Q�L�M�H���� �D�� �R�S�W�H�U�H�ü�H�Q�M�X�� �Y�R�G�H�� �E�L�R�O�R�ã�N�L��
razgradivom organskom tvari topli lipanjski uvjeti (Slika 8b). 

 
 

Slika 8. �6�U�H�G�Q�M�H���P�M�H�V�H�þ�Q�H���Y�U�L�M�H�G�Q�R�V�W�L���D�����P�X�W�Q�R�ü�H���L���E�����.�0�Q�24 kao pokazatelja organskog 
�R�S�W�H�U�H�ü�H�Q�M�D���W�L�M�H�N�R�P���U�D�]�G�R�E�O�M�D���������������± 2016. 

Figure 8. Mean monthly values of a) KMnO4 and b) turbidity as indicators of organic matter  
during the period 2002-2016 

a) b) 
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�3�D�U�D�P�H�W�U�L���8�%�%�����������6�O�L�N�D�����D�����L���8�%�%�����������6�O�L�N�D�����E�����V�W�D�W�L�V�W�L�þ�N�L���]�Q�D�þ�D�M�Q�R���V�X���S�R�Y�H�ü�D�Q�L���W�L�M�H�N�R�P��
�M�H�V�H�Q�L�����N�D�G�D���M�H���W�H�P�S�H�U�D�W�X�U�D���Y�R�G�H���M�R�ã���U�H�O�D�W�L�Y�Q�R���Y�L�V�R�N�D����K-W test, H (3, N = 457) = 27,792, p 
< �������������������1�D�M�P�D�Q�M�L���E�U�R�M���L�]�U�D�V�O�L�K���N�R�O�R�Q�L�M�D���V�H���M�D�Y�O�M�D���X���S�U�R�O�M�H�ü�H�� 

 
 

Slika 9. Srednje sezonske vrijednosti a) UBB/37 i b) UBB/22 tijekom razdoblja 2002. �± 2016. 
Figure 9. �0�H�D�Q���V�H�D�V�R�Q�D�O���Y�D�O�X�H�V���D�����+�H�W�H�U�R�W�U�R�S�K�L�F���3�O�D�W�H���&�R�X�Q�W���D�W���������ƒ�&�����+�3�&�����������D�Q�G�� 

�E�����+�H�W�H�U�R�W�U�R�S�K�L�F���3�O�D�W�H���&�R�X�Q�W���D�W���������ƒ�&�����+�3�&�����������G�X�U�L�Q�J���W�K�H���S�H�U�L�R�G����������-2016 
 
�,�V�W�X���V�H�]�R�Q�V�N�X���G�L�Q�D�P�L�N�X���S�U�D�W�L���L���S�R�N�D�]�D�W�H�O�M���N�D�N�Y�R�ü�H���Y�R�G�H���± �P�X�W�Q�R�ü�D�����6�W�D�W�L�V�W�L�þ�N�L���]�Q�D�þ�D�M�Q�H����K-
W test, H (3, N = 390) = 26,453, p < �����������������Q�D�M�Y�L�ã�H���Y�U�L�M�H�G�Q�R�V�W�L���P�X�W�Q�R�ü�H���Y�R�G�H���]�D�E�L�O�M�H�å�H�Q�H��
�V�X���X���M�H�V�H�Q�����V�U�H�G�Q�M�D���J�R�G�L�ã�Q�M�D���Y�U�L�M�H�G�Q�R�V�W��� �����������1�7�8�������D���Q�D�M�Q�L�å�H���X���S�U�R�O�M�H�ü�H�����V�U�H�G�Q�M�D���J�R�G�L�ã�Q�M�D��
vrijednost = 1,1 NTU) (Slika 10). 
 

 
 

Slika 10. �6�U�H�G�Q�M�H���V�H�]�R�Q�V�N�H���Y�U�L�M�H�G�Q�R�V�W�L���P�X�W�Q�R�ü�H���W�L�M�H�N�R�P���U�D�]�G�R�E�O�M�D���������������± 2016. 
Figure 10. Mean seasonal turbidity values during the period 2002-2016 

 
Na Slici 11 �S�U�L�N�D�]�D�Q�H�� �V�X�� �V�U�H�G�Q�M�H�� �Y�U�L�M�H�G�Q�R�V�W�L�� �U�H�]�X�O�W�D�W�D�� �P�L�N�U�R�E�L�R�O�R�ã�N�L�K�� �S�R�N�D�]�D�W�H�O�M�D�� �X��
uzorcima vode s brodova koji su na analizu u laboratorij doneseni na zahtjev agencije ili 
�E�U�R�G�R�J�U�D�G�L�O�L�ã�W�D���� �0�D�Q�Q-�:�K�L�W�Q�H�\�� �W�H�V�W�R�P�� �X�W�Y�U�ÿ�H�Q�H�� �V�X�� �V�W�D�W�L�V�W�L�þ�N�L�� �]�Q�D�þ�D�M�Q�R�� �Y�H�ü�H�� �Y�U�L�M�H�G�Q�R�V�W�L��
svih i�V�S�L�W�D�Q�L�K�� �P�L�N�U�R�E�L�R�O�R�ã�N�L�K�� �S�R�N�D�]�D�W�H�O�M�D�� ���8�%�%���������� �8�%�%���������� �8�.�%���� �(�&���� �(�1�7���� �3�$���� �X��

 

  

a) b) 
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uzorcima vode koji su doneseni od strane brodarskih agencija u odnosu na uzorke koji su 
analizir�D�Q�L���Q�D���]�D�K�W�M�H�Y���E�U�R�G�R�J�U�D�G�L�O�L�ã�W�D�� 
�.�R�U�H�O�D�F�L�M�V�N�R�P���D�Q�D�O�L�]�R�P���X�W�Y�U�ÿ�H�Q�D���M�H���X�J�O�D�Y�Q�R�P���G�R�E�U�D���S�R�]�L�W�L�Y�Q�D���N�R�U�H�O�D�F�L�M�D���L�]�P�H�ÿ�X���U�D�]�O�L�þ�L�W�L�K��
�P�L�N�U�R�E�L�R�O�R�ã�N�L�K�� �S�R�N�D�]�D�W�H�O�M�D�����U�V = 0,1 �± 0,5, p < �������������� �G�R�N���M�H���N�R�U�H�O�D�F�L�M�D���L�]�P�H�ÿ�X�� �I�L�]�L�N�D�O�Q�R-
�N�H�P�L�M�V�N�L�K���L���P�L�N�U�R�E�L�R�O�R�ã�N�L�K���S�R�N�D�]�D�W�H�O�M�D���E�L�O�D���V�O�D�E�L�M�D�� 
 

 
 

Slika 11. a) broj UBB/22 i UBB/37; b) broj FIB (FIB �± feacal indicator bacteria = UKB; EC, ENT) 
& PA u uzorcima vode dospjelih na analizu putem agencije vs �E�U�R�G�R�J�U�D�G�L�O�L�ã�W�H���� 

u razdoblju od 2002. do 2016. g. 
Figure 11. a) Number of �+�H�W�H�U�R�W�U�R�S�K�L�F���3�O�D�W�H���&�R�X�Q�W���D�W���������ƒ�&�����+�3�&�����������D�Q�G���D�W���������ƒ�&�����+PC/22);  

b) number of Faecal Indicator Bacteria (TC = total coliforms; EC �± E. coli, ENT - enterococci) &  
P. aeruginosa (PA), in water samples at the request of the agency vs shipyard,  

during the period from 2002 to 2016 
 
Za pokazatelj UBB/37 u agencijskim uzorcima srednja vrijednost dobivenih rezultata bila 
�M�H�� ������������ �F�I�X���P�O���� �D�� �X�� �X�]�R�U�F�L�P�D�� �E�U�R�G�R�J�U�D�G�L�O�L�ã�W�D�� ������������ �F�I�X���P�O�� ���0-W test, Z = 4,457, p < 
0,0001); za UBB/22 410,8 cfu/ml vs 239,0 cfu/ml (M-W test, Z = 4,005, p < 0,0001); za 
UKB 30,1 cfu/100 ml vs 0,7 cfu/100 ml (M-W test, Z = 4,492, p < 0,0001); za EC 2,9 
cfu/100 ml vs 0,2 cfu/100 ml (M-W test, Z = 2,197, p = 0,028); za ENT 1,7 cfu/100 ml vs 
0,1 cfu/100 ml (M-W test, Z = 2,354, p = 0,012); za PA = 56,6 cfu/100 ml vs 12,9 cfu/100 
ml (M-W test, Z = 2,152, p < 0,0001). Dobiveni rezultati ukazuju na bolje funkcioniranje 
�V�X�V�W�D�Y�D�� �L�� �E�R�O�M�X�� �H�G�X�F�L�U�D�Q�R�V�W�� �R�V�R�E�O�M�D�� �X�Q�X�W�D�U�� �E�U�R�G�R�J�U�D�G�L�O�L�ã�W�D���� �2�E�]�L�U�R�P�� �Q�D�� �Q�H�S�R�V�W�R�M�D�Q�M�H��
propisane obaveze ispitivanja pokazatelja Legionella �X�� �Y�R�G�L�� �]�D�� �S�L�ü�H�� �S�U�H�P�D�� �Q�D�F�L�R�Q�D�O�Q�R�M��
legislativi, �Q�L�W�L���M�H�G�D�Q���X�]�R�U�D�N���Q�L�M�H���L�V�S�L�W�D�Q���Q�D���R�Y�D�M���S�R�N�D�]�D�W�H�O�M�����ã�W�R���(�8���6�+�,�3�6�$�1���$�&�7����������������
�S�U�H�S�R�U�X�þ�X�M�H���G�Y�D���S�X�W�D���J�R�G�L�ã�Q�M�H�� 
 
�=�D�N�O�M�X�þ�F�L 
 
�8�� �X�]�R�U�F�L�P�D�� �Y�R�G�H�� �]�D�� �S�L�ü�H�� �V�� �E�U�R�G�R�Y�D�� �X�W�Y�U�ÿ�H�Q�� �M�H�� �Y�U�O�R�� �Y�L�V�R�N�� ���!�� ������ ������ �X�G�L�R�� �]�G�U�D�Y�V�W�Y�H�Q�R��
�Q�H�L�V�S�U�D�Y�Q�L�K�� �X�]�R�U�D�N�D���� �8�]�U�R�N�� �Q�H�L�V�S�U�D�Y�Q�R�V�W�L�� �X�� �Q�D�M�Y�H�ü�H�P�� �E�U�R�M�X�� �V�O�X�þ�D�M�H�Y�D�� �E�L�O�R�� �M�H��
�P�L�N�U�R�E�L�R�O�R�ã�N�R���R�Q�H�þ�L�ã�ü�H�Q�M�H�����R�G���þ�H�J�D���M�H���X�������������V�O�X�þ�D�M�H�Y�D���E�L�R���S�R�Y�L�ã�H�Q���X�N�X�S�D�Q���E�U�R�M���N�R�O�R�Q�L�M�D��
���8�%�%������ �3�U�R�P�D�W�U�D�M�X�ü�L�� �S�R�� �J�R�G�L�Q�D�P�D���� �Q�D�M�Y�H�ü�L�� �S�R�U�D�V�W�� �8�%�%�� �S�U�L�� ������ �ƒ�&�� �L�� ������ �ƒ�&�� �]�D�E�L�O�M�H�å�H�Q�� �M�H��
������������ �L�� ������������ �J������ �Q�D�M�Y�H�ü�L�� �S�R�U�D�V�W�� �)�,�%�� ���(�&�� �	�� �(�1�7�� �]�D�E�L�O�M�H�å�H�Q�� �M�H�� ��008. g., UKB 2008. i  
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������������ �J������ �3�$�� ������������ �J���� �.�R�G�� �V�Y�L�K�� �M�H�� �S�R�N�D�]�D�W�H�O�M�D���� �L�]�X�]�H�Y�� �.�%���� �]�D�E�L�O�M�H�å�H�Q�� �V�L�O�D�]�Q�L�� �W�U�H�Q�G����
�3�U�R�P�D�W�U�D�M�X�ü�L���I�L�]�L�N�D�O�Q�R-�N�H�P�L�M�V�N�H���S�R�N�D�]�D�W�H�O�M�H�����Q�D�M�Y�H�ü�D���S�+���Y�U�L�M�H�G�Q�R�V�W���]�D�E�L�O�M�H�å�H�Q�D���M�H���������������J������
�ã�W�R�� �V�H�� �S�R�G�X�G�D�U�D�� �V�� �Q�D�M�Y�L�ã�L�P�� �Y�U�L�M�H�G�Q�R�V�W�L�P�D�� �8�%�%-a, a ukazuje na smanjenu efikasnost 
�G�H�]�L�Q�I�H�N�F�L�M�H���� �3�U�R�P�D�W�U�D�M�X�ü�L�� �S�R�� �P�M�H�V�H�F�L�P�D���� �Q�D�M�Y�H�ü�L�� �S�R�U�D�V�W�� �8�%�%���������� �8�%�%���������� �)�,�%-a i PA 
�]�D�E�L�O�M�H�å�H�Q���M�H���X���O�L�V�W�R�S�D�G�X�����]�D���)�,�%���L���X���V�U�S�Q�M�X�������Q�D�M�Y�H�ü�H���R�U�J�D�Q�V�N�R���R�S�W�H�U�H�ü�H�Q�M�H���Y�R�G�H�����.�0�Q�24) 
�L�]�P�M�H�U�H�Q�R���M�H���X���O�L�S�Q�M�X���D���Q�D�M�Y�H�ü�D���P�X�W�Q�R�ü�D���Y�R�G�H���X���V�W�X�G�H�Q�R�P�����3�U�R�P�D�W�U�D�M�X�ü�L���S�U�H�P�D���V�H�]�R�Q�D�P�D����
�Q�D�M�Y�H�ü�L�� �S�R�U�D�V�W�� �8�%�%���������� �8�%�%�������� �L�� �P�X�W�Q�R�ü�H�� �]�D�E�L�O�M�H�å�H�Q�� �M�H�� �W�L�M�H�N�R�P�� �M�H�V�H�Q�L���� �8�V�S�R�U�H�ÿ�X�M�X�ü�L��
agencije vs �E�U�R�G�R�J�U�D�G�L�O�L�ã�W�D���� �E�R�O�M�D�� �N�D�N�Y�R�ü�D�� �Y�R�G�H�� �]�D�E�L�O�M�H�å�H�Q�D�� �M�H�� �N�R�G�� �E�U�R�G�R�J�U�D�G�L�O�L�ã�W�D����
�.�R�U�H�O�D�F�L�M�V�N�D���D�Q�D�O�L�]�D���S�R�N�D�]�D�O�D���M�H���X�J�O�D�Y�Q�R�P���G�R�E�U�X�� �N�R�U�H�O�D�F�L�M�X���L�]�P�H�ÿ�X���U�D�]�O�L�þ�L�W�L�K�� �P�L�N�U�R�E�L�R�O�R�ã�N�L�K��
�S�R�N�D�]�D�W�H�O�M�D�����W�H���Q�H�ã�W�R���V�O�D�E�L�M�X���L�]�P�H�ÿ�X���I�L�]�L�N�D�O�Q�R-�N�H�P�L�M�V�N�L�K���L�� �P�L�N�U�R�E�L�R�O�R�ã�N�L�K���S�R�N�D�]�D�W�H�O�M�D�� U cilju 
�H�I�L�N�D�V�Q�L�M�H�� �N�R�Q�W�U�R�O�H�� �N�D�N�Y�R�ü�H�� �Y�R�G�H�� �L�� �S�R�Y�H�ü�D�Q�M�D�� �]�D�ã�W�L�W�H�� �S�R�W�U�R�ã�D�þ�D�� �S�R�W�U�H�E�Q�R�� �M�H�� �Q�D�� �E�U�R�G�R�Y�L�P�D��
rutinski ispitivati koncentraciju rezidualnog klora i prisutnost Legionella. 
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DRINKING WATER QUALITY ON SHIPS  
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original scientific paper 
Summary 

 
Due to the increasing development of nautical tourism, the quality of drinking water on boats has an 
increasingly important role. The aim of this paper was to analyze the results of water quality on 
different types of vessels in the Primorje-Gorski Kotar County, during the 15-year period from 2002 
to 2016. A total of 478 samples were analyzed on the basic microbiological and physical-chemical 
indicators, using standard ISO methods. The results of testing of water quality showed that there 
was a statistically significant difference between years, months, seasons as well as between the type 
of operator that supplies the water to the analysis. All microbiological indicators, with the exception 
of total coliform bacteria, have a downward trend. The number of colonies (HPC �± heterotrophic 
plate count) and P. aeruginosa has the highest increase in October, as well as indicators of fecal 
contamination (E. coli and enterococci), which appear in elevated concentrations during the 
summer. Samples delivered by shipyards are of better quality than those delivered by shipping 
agencies. In order to effectively control the quality of drinking water as well as improvement of the 
consumer protection, measurement of the residual chlorine concentration and Legionella detection 
should be routinely investigated. 
 
Keywords: water quality, ships, microbiological contamination, water safety plan, disinfection 
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APPLICATION OF SODIUM HYDROXIDE AS A PRECIPITATING AGENT 
FOR THE REMOVAL OF COPPER AND NICKEL FROM WATER  

UDC: 628.316.12 : 544.723 
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University of Tuzla, Faculty of Technology, Univerzitetska 8, 75000 Tuzla, Bosnia and Herzegovina 

original scientific paper 
Summary 

 
Water of high content of heavy metals can have negative effects on all living organisms that 
consume it or live in it, including microorganisms, plants, animals and humans. Chemical 
precipitation is the most commonly used method for removing heavy metals from water, and 
various chemical reagents which can be used as precipitants are available: sodium hydroxide, 
calcium hydroxide, sodium carbonate, calcium carbonate, etc. The amount and quality of the 
resulting precipitate has a direct effect on the efficiency of removing heavy metals from water. In 
this paper, the influence of sodium hydroxide as a precipitating agent on the efficiency and removal 
of copper and nickel from their monocomponent aqueous solutions of high and low initial 
concentrations of metals was investigated. 
 
Keywords: heavy metals, water treatment, sodium hydroxide, copper, nickel 
 
Introduction  
 
One of the main causes of industrial pollution is the discharge of effluents containing 
heavy metals (Badmus et al., 2007). The most common toxic heavy metals in wastewater 
include arsenic, lead, mercury, cadmium, chromium, copper, nickel, silver, and zinc 
(Oghenerobor et al., 2014). Heavy metals, including copper, zinc and chromium are 
actually required by the body in small amounts, but can also be toxic in larger doses 
(Akpor et al., 2010). These toxic materials may be derived from mining operations, or 
reefing, sludge disposal, fly ash from incinerators, the processing of radioactive materials, 
metal plating, or the manufacture of electrical equipment, paints, alloys, batteries, 
pesticides or preservatives (Tharannum et al., 2011). Removal of heavy metals from 
industrial wastewaters can be accomplished through various treatment options, including 
such unit operations as chemical precipitation, coagulation, complexation, activated carbon 
adsorption, ion exchange, solvent extraction, foam flotation, electro-deposition, 
cementation, and membrane operations (Gunatilake, 2015). Chemical precipitation is one 
of the most widely used method for heavy metal removal from inorganic effluent in 
industry due to its simple operation (Barakat, 2011). 
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It is a process in which undesirable soluble metallic ions and certain anions are removed 
from water or wastewater by conversion to an insoluble form with a precipitant agent 
(Lawrence et al., 2005). So dissolved metals are removed by the simplest separation or 
filtration. Adjusting the pH of the aqueous solution of metal ions to alkaline conditions is a 
major parameter that significantly improves the removal of heavy metals by chemical 
precipitation (Agustiono Kurniawan et al., 2006). After fine-tuning the pH, the soluble 
metal ions are changed to the dissolved solid through reacting with a precipitant agent 
(Azimi et al., 2017). 
Chemical precipitation includes: hydroxide, carbonate and sulfide precipitation. In the case 
of hydroxide precipitation, the agent is added to increase the pH value, with the ultimate 
goal to reduce the metal ion solubility. 
 
The hydrokxide precipitation reaction is: 
 

M2+ + 2OH- �^  M (OH)2    (1) 
 
The purpose of this research was to study the effect of initial concentrations of Cu(II) and 
Ni(II) and pH of their aqueous solutions on the efficiency of their precipitation as well as 
toremove them from monocomponent aqueous solutions using sodium hydoxide (NaOH) 
as a precipitating agent. 
 
Materials and methods 
 
The following grades for chemicals were used in the experimental part of this research: 
copper (II) nitrate trihydrate (Pliva, Zagreb, Croatia),nickel nitrate hexahydrate (Semikem, 
Sarajevo, Bosnia and Herzegovina), ccpper standard solution 1000 mg/L (Cu2+ in 0.5 
mol/L nitric acid) (from Cu(NO�Ž)�•) from Merck and nickel standard solution 1000 mg/L 
(Ni2+ in 0.5 mol/L nitric acid) (from Zn(NO�Ž)�•) from Merck, nitric acid, min. 65% (Lach-
Ner, Czech Republic), sodium hydroxide, molar concentration 0.1 mol/L (Fluka). 
All laboratory glassware, plastic ware, pippete tips and storage bottles were washed at least 
three times with a detergent, rinsed with de-ionized water, and then soaked in aqueous 
nitric acid solution and finally rinsed with de-ionized water and allowed to dry naturally. 
Aqueous solution of sodium hydroxide with molar concentration of 0.1 mol/L was used as 
precipitant. The solution was prepared by dilution with de-ionized water. For each heavy 
metal, its monocomponent aqueous solution initial concentrations (500 and 50 mg/L) were 
prepared. Preparation of metal ion aqueous solutions was performed as follows: metals, 
which are in the form of nitrate salts, were accurately weighed, then quantitatively 
transferred to volumetric flasks of 1 dm3 and diluted to the mark with de-ionized water. 
Each aqueous solution was homogenised, its initial pH value was measured and the 
chemical precipitation process was performed with these samples. In order to evaluate the 
effect of pH on the removal efficiency, precipitation experiments were conducted with 
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different pH conditions, by adding increasing quantities of the precipitation agent to 
monocomponent aqueous solutions of Cu2+ i Ni2+. Sodium hydroxide volumes used in 
experiments are given in Table 1. 
The precipitation procedure was carried out by transferring 100 mL of metal ion solution 
of the appropriate concentration to a 250 mL laboratory glass. Then, a specific volume of 
precipitant was added to the laboratory glass and mixed with the solution by a magnetic 
stirrer at a rate of 300 rpm, and total mixing time was 5 min. After the required mixing 
time, the pH of the solution was measured and the filtration of aqueous solution of heavy 
metals was carried out. The Whatman NO.42 filter paper was used to remove precipitates. 
Each filtrated sample was stored in polyethylene bottle till analysis. 
 
Table 1. Volumes of NaOH added to monocomponent aqueous solutions of Cu2+ i Ni2+ 

 
Initial concentrations of 
heavy metals in water 

Volumes of 0,1 mol/LNaOH (mL) for precipitation of 
heavy metals 

500 mg/L Cu2+ 5,00 15,00 15,50 16,00 16,50 20,00 
50 mg/L Cu2+ 0,05 0,20 1,00 1,50 1,51 5,00 
500 mg/L Ni2+ 0,05 9,00 15,00 18,00 25,00 35,00 
50 mg/L Ni2+ 0,07 0,150 0,50 1,00 2,00 5,00 

 
 
Removal of copper and nickel from their aqueous solutions using sodium hydroxide was 
determined by the analysis of initial Cu2+ and Ni2+ concentrations in the samples before the 
treatment and their concentrations after the treatment with NaOH and filtration of samples. 
Atomic absorption spectrometric (AAS) methods are very suitable methods for monitoring 
the levels of heavy metals in waters (Kojuncu et al., 2004). This is because the technique 
offers sufficient sensitivity for the determination of most metals and metalloids and and is 
relatively interference free (Hill and Fisher, 2017). An air/acetylene flame was used for the 
excitation of the metal ions. Specific hollow cathode lamps of characteristic wavelength and 
slit width were used for the estimation of each element. The drawing of the calibration curve 
was performed using a 0.2, 1, 5, 7 and 10 mg/L standard solutions of Pb2+ and 0.2, 0.5, 1, 1.5 
and 2 mg/L standard solutions of Zn2+ and their apsorbance was measured by FAAS. 
The obtained equations of calibration curves were y = 0,1963x �± 0.012, R2 = 0.9986 for 
copper and y = 0,043x + 0,0482, R2 = 0,9951 for nickel. 
The following equation (2) was used for the calculation of removal efficiency: 
 

�' �å 
L
�¼�À�?�¼�-

�¼�À
�®�s�r�r�¨     (2) 

 
where Er (%) is the removal efficiency, C0 (mg/L) is the initial concentration of heavy 
metal in untreated sample and C1 (mg/L) is the final concentration of heavy metal, after 
precipitation and filtration of the sample. The effect of the initial concentration on the 
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removal efficiency was assessed by determining the removal efficiency from 
monocomponent aqueous solutions of 50 and 500 mg/L  for each heavy metal. 
 
Results and discussion 
 
To remove the Cu2+ and Ni2+ ions from their monocomponent aqueous solution, a 
concentration of 50 and 500 mg/L with NaOH was used. The results of the efficiency of 
the removal of copper and nickel from their monocomponent aqueous solutions of the 
initial concentration (500 mg/L) are shown in Figure 1. 
 

 
 

Figure 1. Effect of pH on the efficiency of removing a) Cu2+ and b) Ni2+ from their 
monocomponent aqueous solutions of initial concentrations 500 mg/L 

 
 
Based on the data from Table 1 and Figure 1, it can be seen that increasing the volume of the 
precipitate added to the aqueous solution of heavy metals results in an increase in the pH of the 
treated samples, resulting in an increased efficiency in the removal of heavy metals. The high 
efficacy of the removal at a higher pH is associated with a higher concentration of OH- ions in the 
solution which react with metal ions and create insoluble precipatates that can be removed from 
their solution by filtration. The removal efficiency for copper was 96.335% at a pH of 5.89, and 
for nickel it was 94.964% at a pH of 7.40. By further increasing the pH, the removal rate for both 
metals increased linearly. Thus, the maximum removal efficiency for copper was 99.990% at a 
pH of 11.60, while the nickel was completely removed at a pH of 12.23. 
 

 
 

Figure 2. Effect of pH on the efficiency of removing a) Cu2+ and b) Ni2+ from their 
monocomponent aqueous solutions of initial concentrations 50 mg/L 
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The efficiency of the removal of lead and zinc ions from their monocomponent aqueous 
solutions at an initial concentration of 50 mg/L is shown in Figure 2. Based on Figure 2. it 
can be clearly seen that increasing the pH to 5.91 percent of the removal  was 72.246%, 
which is less than its initial concentration of 500 mg/L. Further addition of precipitate 
increased its pH value and removal rates. Thus, complete removal of copper ions was 
achieved at a pH of 10.00. Similar values of the efficiency of removal had nickel. The 
percentage of the nickel removal was 66.824% at a pH of 7.28 compared to its initial 
concentration of 500 mg/L when it was 94.964% at a pH of 7.40. The maximal efficacy of 
the removal was 99.944% at a pH of 11.00. At a lower concentration of 50 mg/L, 
maximum nickel removal has not been achieved. 
According to the experimental data obtained using the NaOH solution, the residual 
concentration of copper ions decreases with the increase of the pH and also with the 
increase of the initial concentration. The volume of NaOH solution required for the 
precipitation of copper and to reach the final pH = 11 also increases. (Negrea et al., 2008). 
 
Conclusion 
 
Chemical precipitation of soluble metal ions as insoluble metal hydroxides is a simple 
method for removing metals contained in water based on the pH changes. Sodium 
hydroxide proved to be an effective and relatively cheap means for removing Cu2+ and Ni2+ 
from their monocomponent aqueous solutions of initial concentrations of 50 and 500 mg/L 
for both metals. This method achieved the maximum removal of both heavy metals. The 
maximum removal efficiency for copper was achieved at a lower concentration of 50 mg/L 
at a pH of 10.04, while the maximum removal efficiency for nickel was at a concentration 
of 500 mg/L at a pH of 12.23. With both metals, further increase in the pH above the 
optimal level yielded the dissolution of the insoluble precipitates again to the solution. 
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�V�X�V�W�D�Y�D���N�D�R���L���S�U�L�N�D�]���J�O�D�Y�Q�L�K���S�U�R�E�O�H�P�D���V���N�R�M�L�P���V�H���V�X�V�U�H�ü�X���L�V�S�R�U�X�þ�L�W�H�O�M�L���Y�R�G�Q�L�K���X�V�O�X�J�D�����=�D�N�O�M�X�þ�Q�R���V�X��
�R�E�U�D�ÿ�H�Q�H�� �R�N�Y�L�U�Q�H�� �V�P�M�H�U�Q�L�F�H�� �]�D�� �Q�M�L�K�R�Y�R�� �U�M�H�ã�D�Y�D�Q�M�H���� �ã�W�R�� �X�N�O�M�X�þ�X�M�H�� �S�R�Y�H�ü�D�Q�M�H�� �V�W�X�S�Q�M�D�� �R�S�V�N�U�E�O�M�H�Q�R�V�W�L��
�V�W�D�Q�R�Y�Q�L�ã�W�Y�D�� �Q�D�� �Y�R�G�R�R�S�V�N�U�E�Q�L�� �V�X�V�W�D�Y���� �U�H�N�R�Q�V�W�U�X�N�F�L�M�X�� �S�R�V�W�R�M�H�ü�H�J�� �V�X�V�W�D�Y�D���� �X�Q�D�S�U�H�ÿ�H�Q�M�H�� �X�S�U�D�Y�O�M�D�Q�M�D��
�M�D�Y�Q�L�P�� �Y�R�G�R�R�S�V�N�U�E�Q�L�P�� �V�X�V�W�D�Y�L�P�D�� �R�N�U�X�S�Q�M�L�Y�D�Q�M�H�P�� �L�V�S�R�U�X�þ�L�W�H�O�M�D�� �V�X�V�W�D�Y�D���� �V�P�D�Q�M�H�Q�M�H�� �J�X�E�L�W�D�N�D�� �Y�R�G�H����
�S�U�L�P�M�H�Q�X���Q�R�Y�L�K���V�X�V�W�D�Y�D���N�R�Q�W�U�R�O�H���Q�D���P�U�H�å�L���S�U�R�Y�H�G�E�R�P���L�Q�Y�H�V�W�L�F�L�M�V�N�L�K���S�U�R�M�H�N�D�W�D���V�X�I�L�Q�D�Q�F�L�U�D�Q�M�H�P���L�]���(�8��
fondova. 
 
�.�O�M�X�þ�Q�H���U�L�M�H�þ�L�� �V�X�V�W�D�Y���M�D�Y�Q�H���Y�R�G�R�R�S�V�N�U�E�H�����]�D�N�R�Q�V�N�L���R�N�Y�L�U�L�����(�8���I�R�Q�G�R�Y�L�����S�R�E�R�O�M�ã�D�Q�M�H���Y�R�G�R�R�S�V�N�U�E�Q�L�K��
sustava 
 
Uvod 
 
�9�R�G�D�� �N�D�R�� �Q�H�]�D�P�M�H�Q�M�L�Y�� �S�U�L�U�R�G�Q�L�� �U�H�V�X�U�V�� �þ�L�Q�L�� �R�V�Q�R�Y�X�� �I�X�Q�N�F�L�R�Q�L�U�D�Q�M�D�� �O�M�X�G�V�N�L�K�� �å�L�Y�R�W�D����
�5�D�]�Y�L�W�N�R�P�� �G�U�X�ã�W�Y�D�� �S�R�Y�H�ü�D�Y�D�M�X�� �V�H�� �S�R�W�U�H�E�Q�H�� �N�R�O�L�þ�L�Q�H�� �Y�R�G�H�� �]�D�� �V�Y�D�N�R�G�Q�H�Y�Q�R�� �R�E�D�Y�O�M�D�Q�Me 
�O�M�X�G�V�N�L�K�� �D�N�W�L�Y�Q�R�V�W�L�� �L�� �G�D�O�M�Q�M�L�� �Q�D�S�U�H�G�D�N�� �G�U�X�ã�W�Y�D�� �ã�W�R�� �S�R�V�O�M�H�G�L�þ�Q�R�� �G�R�Y�R�G�L�� �L�� �G�R�� �S�R�Y�H�ü�D�Q�R�J��
�X�J�U�R�å�D�Y�D�Q�M�D�� �Y�R�G�Q�L�K�� �U�H�V�X�U�V�D�� �L�� �R�N�R�O�L�ã�D�� ��Strategija upravljanja voda, 2008). Osiguravanje 
�G�R�V�W�D�W�Q�L�K�� �N�R�O�L�þ�L�Q�D�� �N�Y�D�O�L�W�H�W�Q�H�� �Y�R�G�H�� �S�U�H�G�V�W�D�Y�O�M�D�� �V�R�F�L�M�D�O�Q�R���� �H�N�R�Q�R�P�V�N�R�� �L�� �S�R�O�L�W�L�þ�N�R�� �S�Ltanje 
�V�Y�D�N�H�� �G�U�å�D�Y�H�� ���%�R�Q�D�F�F�L���� ������������ �X�N�O�M�X�þ�X�M�X�ü�L�� �L�� �5�H�S�X�E�O�L�N�X�� �+�U�Y�D�W�V�N�X���� �,�D�N�R�� �S�R�V�M�H�G�X�M�H�� �Y�H�O�L�N�R��
�Y�R�G�Q�R�� �E�R�J�D�W�V�W�Y�R���� �5�+�� �V�H�� �V�X�R�þ�D�Y�D�� �V�� �Q�H�G�R�V�W�D�W�Q�L�P�� �N�R�O�L�þ�L�Q�D�P�D�� �S�R�W�U�H�E�Q�H�� �Y�R�G�H�� �]�D�� �S�L�ü�H�� �]�E�R�J��
�Q�H�M�H�G�Q�R�O�L�N�R�� �S�U�R�V�W�R�U�Q�R�� �L�� �N�R�O�L�þ�L�Q�V�N�L�� �U�D�V�S�R�G�L�M�H�O�M�H�Q�R�P�� �Y�R�G�R�P���� �*�O�D�Y�Q�L�� �S�R�N�U�H�W�D�þ�� �U�M�H�ã�D�Y�D�Qja 
�Q�D�Y�H�G�H�Q�R�J�� �S�U�R�E�O�H�P�D�� �M�H�� �L�V�S�X�Q�M�D�Y�D�Q�M�H�� �N�R�Q�F�H�S�W�D�� �R�G�U�å�L�Y�R�J�� �U�D�]�Y�R�M�D�� �X�S�U�D�Y�O�M�D�Q�M�D�� �Y�R�G�D�P�D����
�R�G�Q�R�V�Q�R�� �X�V�S�R�V�W�D�Y�O�M�D�Q�M�H�� �U�D�Y�Q�R�W�H�å�H�� �L�]�P�H�ÿ�X�� �N�R�U�L�ã�W�H�Q�M�D�� �U�H�V�X�U�V�D�� �]�D�� �S�R�E�R�O�M�ã�D�Q�M�H�� �å�L�Y�R�W�D�� �L��

                                                 
* ivana@idt-inzenjering.hr 



8th International Conference WATER FOR ALL 
21-22 March 2019 
Osijek, Croatia 

Zbornik radova  / Proceedings 
Vodooskrbni sustavi i odvodnja / Water supply and sewage systems 

 

142 

�S�R�W�L�F�D�Q�M�D���J�R�V�S�R�G�D�U�V�W�Y�D���W�H���]�D�ã�W�L�W�H���U�H�V�X�U�V�D���L���Q�M�L�K�R�Y�R���R�G�U�å�D�Y�D�Q�M�H����Strategija upravljanja voda, 
2008). Ulaskom u Europsku Uniju, RH se obvezala usvojiti sva prava i obveze na kojima 
se zasniva EU, a pri tome i provedbu vodno-�N�R�P�X�Q�D�O�Q�H�� �L�Q�I�U�D�V�W�U�X�N�W�X�U�H�� �S�U�L�P�M�H�Q�M�X�M�X�ü�L��
�'�L�U�H�N�W�L�Y�X�� �R�� �N�Y�D�O�L�W�H�W�L�� �Y�R�G�H�� �Q�D�P�L�M�H�Q�M�H�Q�L�K�� �]�D�� �O�M�X�G�V�N�X�� �S�R�W�U�R�ã�Q�M�X�� �������������(�=�� �R�G�� �������������������� g. i 
�'�L�U�H�N�W�L�Y�X�� �R�� �S�U�R�þ�L�ã�ü�D�Y�D�Q�M�X�� �N�R�P�X�Q�D�O�Q�L�K�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D�� ���������������(�=�� �R�G�� ���������������������� g., 
�X�V�N�O�D�ÿ�X�M�X�ü�L�� �V�Y�R�M�� �S�U�D�Y�Q�L�� �R�N�Y�L�U�� �V�D�� �]�D�N�R�Q�R�G�D�Y�Q�L�P�� �R�N�Y�L�U�R�P�� �(�8���� �&�L�O�M�� �'�L�U�H�N�W�L�Y�H�� �M�H�� �]�D�ã�W�L�W�D��
�O�M�X�G�V�N�R�J�� �]�G�U�D�Y�O�M�D�� �R�G�� �Q�H�J�D�W�L�Y�Q�L�K�� �X�þ�L�Q�D�N�D�� �R�G�� �E�L�O�R�� �N�D�N�Y�R�J�� �]�D�J�D�ÿ�H�Q�M�D�� �Y�R�G�H�� �Q�D�P�L�M�H�Q�M�H�Q�H�� �]�D��
lj �X�G�V�N�X���S�R�W�U�R�ã�Q�M�X���R�V�L�J�X�U�D�Q�M�H�P���Q�M�H�]�L�Q�D���]�G�U�D�Y�O�M�D���L���þ�L�V�W�R�ü�H�����2�I�I�L�F�L�D�O���-�R�X�U�Q�D�O���R�I���W�K�H���(�X�U�R�S�H�D�Q��
Communities, 1998).  
 
�$�Q�D�O�L�]�D���S�R�V�W�R�M�H�ü�H�J���V�W�D�Q�M�D���L���]�D�W�H�þ�H�Q�L���S�Uoblemi na vodoopskrbnom sustavu 
 
�-�D�Y�Q�X���Y�R�G�R�R�S�V�N�U�E�X�����-�9�����X���5�+���N�D�U�D�N�W�H�U�L�]�L�U�D���Y�U�O�R���V�O�R�å�H�Q�D���V�L�W�X�D�F�L�M�D���± veliki �E�U�R�M���L�V�S�R�U�X�þ�L�W�H�O�M�D��
�Y�R�G�Q�H�� �X�V�O�X�J�H���� �Q�H�G�R�V�W�D�W�Q�D�� �S�U�L�N�O�M�X�þ�H�Q�R�V�W���� �]�Q�D�W�D�Q�� �X�G�L�R�� �V�D�Q�L�W�D�U�Q�R�� �Q�H�L�V�S�U�D�Y�Q�H�� �Y�R�G�H���� �Y�H�O�L�N�L��
�J�X�E�L�W�F�L�� �X�Q�X�W�D�U���V�X�V�W�D�Y�D���� �G�R�W�U�D�M�D�O�R�V�W�� �S�R�V�W�R�M�H�ü�H�J�� �V�X�V�W�D�Y�D�� �L�� �G�U���� ���9�L�ã�H�J�R�G�L�ã�Q�M�L�� �S�U�R�J�U�D�P�� �J�U�D�G�Q�M�H��
�N�R�P�X�Q�D�O�Q�L�K�� �Y�R�G�Q�L�K�� �J�U�D�ÿ�H�Y�L�Q�D, 2015). Jedan od glavnih uzroka takve situacije je izrazito 
�Q�H�S�R�Y�R�O�M�D�Q�� �U�D�]�P�M�H�ã�W�D�M�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�D�� �I�R�U�P�L�U�D�Q�L�K�� �X�� �P�D�Q�M�L�P�� �Q�D�V�H�O�M�L�P�D�� �V�� �G�L�V�S�H�U�]�Q�R�P��
�Q�D�V�H�O�M�H�Q�R�ã�ü�X���N�D�R���S�R�V�O�M�H�G�L�F�D���S�R�Y�L�M�H�V�Q�R�J���U�D�]�Y�R�M�D���Y�H�O�L�N�R�J���E�U�R�M�D���J�U�D�G�R�Y�D���L���R�S�ü�L�Q�D���N�D�R���L���Y�H�O�L�N�L��
�E�U�R�M�� �L�V�S�R�U�X�þ�L�W�H�O�M�D�� �Y�R�G�Q�L�K�� �X�V�O�X�J�D�� �N�R�M�L�� �þ�H�V�W�R�� �G�L�M�H�O�H�� �Q�D�G�O�H�å�Q�R�V�W�L�� �Q�D�G�� �W�H�K�Q�L�þ�N�R-�W�H�K�Q�R�O�R�ã�N�R�P��
vodoopskrbnom cjelinom (Strategija upravljanja voda, 2008). Osim toga, dio isporuke 
�Y�R�G�H�� �Q�D�P�L�M�H�Q�M�H�Q�H���]�D���O�M�X�G�V�N�X�� �S�R�W�U�R�ã�Q�M�X���R�E�D�Y�O�M�D���V�H�� �S�X�W�H�P���Q�H�D�G�H�N�Y�D�W�Q�R���R�U�J�D�Q�L�]�L�U�D�Q�L�K���W�Y�U�W�N�L��
�L�O�L���X�G�U�X�J�D���J�U�D�ÿ�D�Q�D�����ã�W�R���R�W�H�å�D�Y�D���N�D�S�L�W�D�O�Q�D���X�O�D�J�D�Q�M�D���L���R�G�U�å�D�Y�D�Q�M�H���W�D�N�Y�L�K���V�X�V�W�D�Y�D���W�H���G�R�Y�R�G�L���X��
�S�L�W�D�Q�M�H�� �V�L�J�X�U�Q�R�V�W�� �Y�R�G�R�R�S�V�N�U�E�H�� �N�D�R�� �L�� �L�V�S�X�Q�M�H�Q�M�H�� �S�R�W�U�H�E�D�� �]�D�� �G�D�O�M�Q�M�L�P�� �X�Q�D�S�U�M�H�ÿ�H�Q�M�H�P��
�S�R�V�W�R�M�H�ü�H�J�� �V�X�V�W�D�Y�D�� �L�O�L�� �R�U�J�D�Q�L�]�D�F�L�M�H�� �Q�D�� �Y�R�G�R�R�S�V�N�U�E�Q�R�P�� �S�R�G�U�X�þ�M�X�� �]�E�R�J�� �Q�M�L�K�R�Y�R�J�� �U�D�]�O�L�þ�L�W�R�J��
�V�W�X�S�Q�M�D���X�V�S�M�H�ã�Q�R�V�W�L�� �L�� �V�W�D�Q�G�D�U�G�D���� �R�G�Q�R�V�Q�R���U�D�]�O�L�þ�L�W�H��razine usluga. Javna vodoopskrba u RH 
�M�H�� �R�U�J�D�Q�L�]�L�U�D�Q�D�� �S�U�H�N�R�� �������� �L�V�S�R�U�X�þ�L�W�H�O�M�D�� �Y�R�G�Q�L�K�� �X�V�O�X�J�D�� ���,�9�8���� �N�R�M�L�� �L�P�D�M�X�� �S�U�R�E�O�H�P�D�� �V��
�S�R�N�U�L�Y�H�Q�R�ã�ü�X���Y�R�G�R�R�S�V�N�U�E�Q�L�P���V�X�V�W�D�Y�R�P���S�R�J�O�D�Y�L�W�R���X���U�X�U�D�O�Q�L�P���N�U�D�M�H�Y�L�P�D�����D�O�L���L���V�D���G�L�Q�D�P�L�N�R�P��
�S�U�L�N�O�M�X�þ�L�Y�D�Q�M�D�� �Q�D�� �Y�H�ü�� �S�R�V�W�R�M�H�ü�L�� �V�X�V�W�D�Y�� �Y�R�G�R�R�S�V�N�U�Ee. Opskrba vodom se u RH obavlja i 
�S�U�H�N�R�� �Y�H�O�L�N�R�J�� �E�U�R�M�D�� �O�R�N�D�O�Q�L�K�� �Y�R�G�R�Y�R�G�D�� ���X�N�X�S�Q�R�� ���������� �þ�L�M�D�� �V�H�� �N�R�O�L�þ�L�Q�D�� �J�R�G�L�Q�D�P�D�� �V�P�D�Q�M�X�M�H��
(�8�M�H�Y�L�ü�� �%�R�ã�Q�M�D�N�� �L�� �*�D�M�ã�D�N���� ������������ �N�D�R�� �U�H�]�X�O�W�D�W�� �S�R�Y�H�ü�D�Q�M�D�� �S�U�L�N�O�M�X�þ�H�Q�R�V�W�L�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�D�� �Q�D��
vodoopskrbne sustave (�9�L�ã�H�J�R�G�L�ã�Q�M�L�� �S�U�R�J�U�D�P���J�U�D�G�Q�M�H�� �N�R�P�X�Q�D�O�Q�L�K�� �Y�R�G�Q�L�K�� �J�U�D�ÿ�H�Y�L�Q�D, 
�������������� �=�Q�D�þ�D�M�D�Q�� �X�G�L�R�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�D�� ������ ������ �R�S�V�N�U�E�X�� �Y�R�G�R�P�� �U�M�H�ã�D�Y�D�� �L�Q�G�L�Y�L�G�X�D�O�Q�L�P�� �S�X�W�H�P����
�V�W�R�J�D�� �V�H�� �S�U�R�Y�H�G�E�R�P�� �'�L�U�H�N�W�L�Y�H�� �S�O�D�Q�L�U�D�� �X�N�O�M�X�þ�L�W�L�� �L�� �W�D�M�� �G�L�R�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�D�� �X�� �N�R�Q�W�U�R�O�L�U�D�Q�H����
�]�D�W�Y�R�U�H�Q�H�� �V�X�V�W�D�Y�H�� �Y�R�G�R�R�S�V�N�U�E�H���� �8�� �F�L�O�M�X�� �U�M�H�ã�D�Y�D�Q�M�D navedenih problema u srpnju 2019. 
�J�R�G�L�Q�H���5�+���G�R�Q�R�V�L���Ä�S�D�N�H�W���Y�R�G�Q�L�K���]�D�N�R�Q�D�³���N�R�M�L���X�N�O�M�X�þ�X�M�X�����=�D�N�R�Q���R���Y�R�G�Q�L�P���X�V�O�X�J�D�P�D�����1�1��
66/19), Zakon o vodama (NN 66/19), Zakon o izmjenama i dopunama zakona o 
financiranju vodnog gospodarstva (NN 66/19). 
�5�+�� �L�P�D�� �]�Q�D�þ�D�M�D�Q�� �V�W�X�S�D�Q�M�� �S�R�N�U�L�Y�H�Q�R�V�W�L�� �S�R�G�U�X�þ�M�D�� �V�� �X�V�O�X�J�R�P�� �M�D�Y�Q�H�� �Y�R�G�R�R�S�V�N�U�E�H�� ������ %), 
�R�G�Q�R�V�Q�R�� �S�R�G�U�X�þ�M�D�� �Q�D�� �N�R�M�H�P�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�R�� �L�P�D�� �P�R�J�X�ü�Q�R�V�W�� �S�U�L�N�O�M�X�þ�H�Q�M�D���� �G�R�N�� �M�H�� �V�W�X�S�D�Q�M��
�S�U�L�N�O�M�X�þ�H�Q�R�V�W�L���S�U�R�F�L�M�H�Q�M�H�Q���Q�D������ % (�8�M�H�Y�L�ü���%�R�ã�Q�M�D�N���L���*�D�M�ã�D�N�������������������ã�W�R���M�H���P�D�Q�M�H���X���R�G�Q�R�V�X��
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na druge Europske zeml�M�H���� �3�U�L�� �W�R�P�X���� �E�U�R�M�� �S�U�L�N�O�M�X�þ�H�Q�L�K�� �J�U�D�ÿ�D�Q�D�� �]�Q�D�W�Q�R�� �R�V�F�L�O�L�U�D�� �S�R��
�å�X�S�D�Q�L�M�D�P�D�����R�G�Q�R�V�Q�R���N�R�P�X�Q�D�O�Q�L�P���S�R�G�X�]�H�ü�L�P�D����Strategija upravljanja voda, 2008). 
�=�Q�D�þ�D�M�D�Q�� �X�W�M�H�F�D�M�� �Q�D�� �G�D�Q�D�ã�Q�M�H�� �V�W�D�Q�M�H�� �Y�R�G�R�R�S�V�N�U�E�Q�R�J�� �V�X�V�W�D�Y�D�� �V�X�� �L�� �U�D�W�Q�D�� �]�E�L�Y�D�Q�M�D�� ��������-tih 
�J�R�G�L�Q�D�� �N�D�G�D�� �M�H�� �R�G�U�å�D�Y�D�Q�M�H�� �Y�R�G�R�R�S�V�N�U�E�Q�R�J�� �V�X�V�W�D�Y�D�� �E�L�O�R�� �Q�H�L�]�Y�H�G�L�Y�R���� �3�U�R�F�L�M�H�Q�M�H�Q�D�� �ã�W�H�W�D�� �Q�D��
vodoopskrbnom sustavu uslijed ratnih zbivanja se procjenjuju na 800 milijuna USD 
(Strategija upravljanja voda���� �������������� �7�R�P�X�� �S�U�L�G�R�Q�R�V�L�� �L�� �þ�L�Q�M�H�Q�L�F�D�� �N�D�N�R�� �S�R�V�W�R�M�H�ü�L�� �L�]�J�U�D�ÿ�H�Q�L��
�F�M�H�Y�R�Y�R�G�L�� �N�R�M�L�� �þ�L�Q�H�� �R�V�Q�R�Y�Q�H�� �Y�Rdoopskrbne pravce nisu rekonstruirani iako su davno 
�S�U�H�P�D�ã�L�O�L���V�Y�R�M���S�U�H�G�Y�L�ÿ�H�Q�L���Y�L�M�H�N���W�U�D�M�D�Q�M�D�� 
�9�R�G�D���Q�D�P�L�M�H�Q�M�H�Q�D���]�D���N�U�D�M�Q�M�H���N�R�U�L�V�Q�L�N�H���L�V�S�R�U�X�þ�X�M�H���V�H���V���X�N�X�S�Q�R�����������]�G�H�Q�F�D���X���V�X�V�W�D�Y�X���M�D�Y�Q�H��
vodoopskrbe nad kojima Hrvatski zavod za javno zdravstvo (HZJZ) obavlja monitoring u 
�V�Y�U�K�X�� �N�R�Q�W�U�R�O�H�� �]�G�U�D�Y�V�W�Y�H�Q�H�� �L�V�S�U�D�Y�Q�R�V�W�L�� �Y�R�G�H�� �]�D�� �S�L�ü�H���� �9�R�G�D�� �L�]�� �Y�R�G�R�R�S�V�N�U�E�Q�R�J�� �V�X�V�W�D�Y�D�� �M�H��
�S�R�G���V�W�D�O�Q�L�P���Q�D�G�]�R�U�R�P���M�D�Y�Q�R�]�G�U�D�Y�V�W�Y�H�Q�L�K���V�O�X�åbi i sanitarne inspekcije sukladno Zakonom o 
�Y�R�G�L���]�D���O�M�X�G�V�N�X���S�R�W�U�R�ã�Q�M�X�����1�1���������������������������������������������������������������3�U�R�V�M�H�þ�D�Q���Eroj uzoraka koji ne 
zadovoljavaju sanitarne standarde iznose manje od 10 %, a veliki problem ispravnosti pitke 
�Y�R�G�H�� �S�U�L�V�X�W�D�Q�� �M�H�� �Q�D�� �S�R�G�U�X�þ�M�X�� �2�V�M�H�þ�N�R-baranjske i Vukovarsko-�V�U�L�M�H�P�V�N�H�� �å�X�S�D�Q�L�M�H�� �J�G�M�H��
�X�Q�D�W�R�þ���W�U�L�G�H�V�H�W���L�]�J�U�D�ÿ�H�Q�L�K���Y�R�G�R�Y�R�G�D���Q�H�P�D�M�X���Y�R�G�X���S�R�W�U�H�E�Q�H���N�D�N�Y�R�ü�H����Strategija upravljanja 
voda, 2008). Prema analizi HZJZ, 2017. �J�����L�V�S�U�D�Y�Q�R�V�W���Y�R�G�H���]�D���O�M�X�G�V�N�X���S�R�W�U�R�ã�Q�M�X���L�]���M�D�Y�Q�L�K��
�Y�R�G�R�Y�R�G�D���M�H���]�D�G�R�Y�R�O�M�D�Y�D�M�X�ü�D���S�U�L�O�L�N�R�P���S�U�R�P�D�W�U�D�Q�M�D���F�L�M�H�O�H���5�+���V�������� % i to 2,0 % kemijski 
neispravnih uzoraka i 1,2 ���� �P�L�N�U�R�E�L�R�O�R�ã�N�L�� �Q�H�L�V�S�U�D�Y�Q�Lh uzoraka, dok je udio neispravne 
vode iz lokalne vodoopskrbe visokih 56,4 ������ �J�G�M�H�� �M�H�� �Q�D�M�þ�H�ã�ü�L�� �U�D�]�O�R�J�� �Q�H�L�V�S�U�D�Y�Q�R�V�W�L�� �E�L�O�R��
�P�L�N�U�R�E�L�R�O�R�ã�N�R���R�Q�H�þ�L�ã�ü�H�Q�M�H�������=avod za javno zdravstvo, 2018). 
 
Kriterij za formiranje investicija u vodoopskrbnom sustavu 
 
Analizom stan�M�D�� �L�� �]�D�K�W�M�H�Y�D�� �Y�R�G�R�R�S�V�N�U�E�Q�R�J�� �V�X�V�W�D�Y�D�� �X�� �5�+�� �V�X�N�O�D�G�Q�R�� �S�U�H�W�K�R�G�Q�R�� �]�D�W�H�þ�H�Q�L�P��
problemima uspostavljena su dva kriterija za vrstu i obuhvat ulaganja u javnu 
vodoopskrbu: 
- KRITERIJ I �± �R�V�L�J�X�U�D�Q�M�H���X�Q�D�S�U�H�ÿ�H�Q�M�H�� �N�Y�D�O�L�W�H�W�H�� �Y�R�G�H�� �]�D�� �O�M�X�G�V�N�X�� �S�R�W�U�R�ã�Q�M�X���L�]�� �V�X�V�W�D�Y�D��

kojima se is�S�R�U�X�þ�X�M�H���Y�L�ã�H���R�G�������P3���G�D�Q���L�O�L���V�H���R�S�V�O�X�å�X�M�X���Y�L�ã�H���R�G���������V�W�D�Q�R�Y�Q�L�N�D�� 
- KRITERIJ II �± �R�V�L�J�X�U�D�Q�M�H�� �S�R�Y�H�ü�D�Q�M�D�� �S�U�L�N�O�M�X�þ�H�Q�R�V�W�L�� �W�H�� �N�Y�D�O�L�W�H�W�H�� �L�� �V�L�J�X�U�Q�R�V�W�L�� �X�V�O�X�J�D����

posebno u naseljima gdje �M�H�� �S�U�L�N�O�M�X�þ�H�Q�R�V�W�� �P�D�Q�M�D�� �R�G�� ������ ����(�9�L�ã�H�J�R�G�L�ã�Q�M�L�� �S�U�R�J�U�D�P��
gradnje komunalnih vodnih gr�D�ÿ�H�Y�L�Q�D, 2015). 

 
�3�U�H�G�Y�L�ÿ�H�Q�R�� �M�H�� �X�O�D�J�D�Q�M�H�� �S�R�� �.�U�L�W�H�U�L�M�X�� �,�� �G�R�� �S�R�W�S�X�Q�R�J�� �]�D�G�R�Y�R�O�M�H�Q�M�D���� �G�R�N�� �V�H�� �X�O�D�J�D�Q�M�D�� �S�R��
�.�U�L�W�H�U�L�M�X�� �,�,�� �S�U�L�O�D�J�R�ÿ�D�Y�D�M�X�� �P�R�J�X�ü�Q�R�V�W�L�P�D�� �Q�D�� �X�V�O�X�å�Q�R�P�� �S�R�G�U�X�þ�M�X���� �'�H�I�L�Q�L�U�D�Q�L�P�� �N�U�L�W�H�U�L�M�L�P�D��
�L�V�S�X�Q�L�W�� �ü�H�� �V�H�� �X�Y�M�H�W�L�� �L�� �]�D�K�W�M�H�Y�L�� �R�G�U�å�L�Y�R�V�W�� �Y�R�G�R�R�S�V�N�U�E�Q�L�K�� �V�X�V�W�D�Y�D���� �R�G�Q�R�V�Q�R�� �R�V�L�J�X�U�D�W�� �ü�H��
�G�R�V�W�D�W�Q�H�� �N�R�O�L�þ�L�Q�H�� �S�L�W�N�H�� �Y�R�G�H�� �X�� �V�N�O�D�G�X�� �V�D�� �V�D�Q�L�W�D�U�Q�R-zdravstvenim standardima. Prva od 
�R�G�U�H�G�Q�L�F�D�� �]�D�� �S�U�R�Y�R�ÿ�H�Q�M�D�� �N�U�L�W�H�U�L�M�D�� �M�H�� �S�R�Y�H�ü�D�Q�M�H�� �V�W�X�S�Q�M�D�� �R�S�V�N�U�E�O�M�H�Q�R�V�W�L�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�D����
�8�O�D�J�D�Q�M�H�P�� �X�� �Y�R�G�R�R�S�V�N�U�E�Q�H�� �V�X�V�W�D�Y�H���� �R�þ�H�N�X�M�H�� �V�H�� �S�R�Y�H�ü�D�Q�M�H�� �S�U�L�N�O�M�X�þ�H�Q�R�V�W�L�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�D�� �Q�D��
85-90 �������D���Q�D�M�Y�H�ü�D���S�U�R�V�M�H�þ�Q�D���S�U�L�N�O�M�X�þ�H�Q�R�V�W���ü�H���V�H���S�R�Y�H�ü�D�W�L���Q�D���V�O�L�Y�X���6�D�Y�H�����'�U�D�Y�H���L���'�X�Q�D�Y�D��
���L�]�X�]�H�Y�� �=�D�J�U�H�E�D������ �8�� �S�R�G�U�X�þ�M�L�P�D�� �J�G�M�H�� �S�R�V�W�R�M�L�� �V�X�V�W�D�Y�� �Y�R�G�R�R�S�V�N�U�E�H���� �L�V�W�L�� �ü�H�� �V�H�� �S�U�R�ã�L�U�L�W�L�� �S�R��
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�U�X�E�Q�L�P���G�L�M�H�O�R�Y�L�P�D���Q�D�V�H�O�M�D���L���V�S�R�M�L�W�L���Q�D���S�R�V�W�R�M�H�ü�H���M�D�Y�Q�H���Y�R�G�R�R�S�V�N�U�E�Qe sustave. Vodoopskrba 
�R�W�R�N�D�� �ü�H�� �V�H�� �R�Y�L�V�Q�R�� �R�� �O�R�N�D�F�L�M�L�� �L�� �G�U�X�J�L�P�� �U�X�E�Q�L�P�� �X�Y�M�H�W�L�P�D�� �J�U�D�G�L�W�L�� �S�R�P�R�U�V�N�L�P�� �S�X�W�H�P�� �L�O�L��
�N�R�U�L�ã�W�H�Q�M�H�P���Y�O�D�V�W�L�W�L�K���L�]�Y�R�U�D���X�N�O�M�X�þ�X�M�X�ü�L���L���G�H�V�D�O�L�Q�L�]�D�F�L�M�X����Strategija upravljanja voda, 2008). 
�2�þ�H�N�X�M�H�� �V�H�� �V�P�D�Q�M�H�Q�M�H�� �E�U�R�M�D�� �N�R�U�L�V�Q�L�N�D�� �Y�R�G�D�� �L�]�� �O�R�N�D�O�Q�L�K�� �Yodova zbog njihova postepena 
�S�U�L�N�O�M�X�þ�H�Q�M�D�� �Q�D�� �V�X�V�W�D�Y�� �M�D�Y�Q�H�� �Y�R�G�R�R�S�V�N�U�E�H�� �ã�W�R�� �ü�H�� �X�M�H�G�Q�R�� �G�R�Y�H�V�W�L�� �L�� �G�R�� �]�Q�D�W�Q�R�J�� �S�R�Y�H�ü�D�Q�M�D��
�N�Y�D�O�L�W�H�W�H���å�L�Y�R�W�D���X���S�R�J�O�H�G�X���N�Y�D�O�L�W�H�W�Q�H���Y�R�G�H���V���R�E�]�L�U�R�P���Q�D���Y�L�V�R�N���X�G�L�R���Q�H�L�V�S�U�D�Y�Q�L�K���X�]�R�U�D�N�D���L�]��
lokalnih vodovoda, a poznato je da voda iz kontroliranog sustava (slavine) smanjuje rizik 
od kontaminacije i infekcije (Yue i dr., 2017). Drugom odrednicom, odnosno 
�X�Q�D�S�U�H�ÿ�H�Q�M�H�P�� �X�S�U�D�Y�O�M�D�Q�M�D�� �M�D�Y�Q�L�P�� �Y�R�G�R�R�S�V�N�U�E�Q�L�P�� �V�X�V�W�D�Y�L�P�D�� �I�R�U�P�L�U�D�W�� �ü�H�� �V�H�� �G�L�V�W�U�L�E�X�F�L�M�V�N�D��
�S�R�G�U�X�þ�M�D�� �S�U�H�P�D�� �H�N�R�Q�R�P�V�N�L-�W�H�K�Q�R�O�R�ã�N�L�P�� �N�U�L�W�H�U�L�M�L�P�D�� �X�Q�X�W�D�U���N�R�M�H�J�D�� �ü�H�� �G�M�H�O�R�Y�D�W�L�� �M�H�G�Q�R��
�N�R�P�X�Q�D�O�Q�R���S�R�G�X�]�H�ü�H���V���M�H�G�L�Q�V�W�Y�H�Q�R�P���F�L�M�H�Q�R�P���Y�R�G�H�����3�U�H�G�Y�L�ÿ�H�Q�R���M�H���V�S�D�M�D�Q�M�H���G�D�Q�D�ã�Q�M�L�K����������
�N�R�P�X�Q�D�O�Q�L�K���S�R�G�X�]�H�ü�D���X���S�U�L�E�O�L�å�Q�R���������X�þ�L�Q�N�R�Y�L�W�L�M�L�K���L�V�S�R�U�X�þ�L�W�H�O�M�D�� 
�5�D�F�L�R�Q�D�O�L�]�D�F�L�M�R�P�� �S�R�V�O�R�Y�D�Q�M�D�� �L�� �R�N�U�X�S�Q�M�L�Y�D�Q�M�H�P�� �N�R�P�X�Q�D�O�Q�L�K�� �S�R�G�X�]�H�ü�D���� �R�S�W�L�P�L�]�L�U�D�W�L�� �ü�H se 
�S�R�V�O�R�Y�D�Q�M�H���,�9�8�����S�R�Y�H�ü�D�W���ü�H���V�H���Q�M�L�K�R�Y�D���N�Y�D�O�L�W�H�W�D���S�R�V�O�R�Y�D�Q�M�D���N�D�R���Y�H�ü�H�J���W�U�J�R�Y�D�þ�N�R�J���G�U�X�ã�W�Y�D����
�D�O�L�� �ü�H�� �G�R�ü�L�� �L�� �G�R�� �R�V�M�H�W�Q�R�J�� �V�P�D�Q�M�H�Q�M�D�� �W�U�R�ã�N�R�Y�D�� �S�R�� �P3 �L�V�S�R�U�X�þ�H�Q�H�� �Y�R�G�H�� �S�U�H�P�D�� �V�W�X�G�L�M�L��
institucionalnog ustroja vodno-komunalnog sektora. Zakon o vodnim uslugama (NN 
66/�������� �G�H�I�L�Q�L�U�D�� �R�V�Q�R�Y�Q�L�� �N�U�L�W�H�U�L�M�� �]�D�� �R�N�U�X�S�Q�M�D�Y�D�Q�M�H�� �S�U�H�P�D�� �N�R�M�H�P�� �M�H�� �D�Q�D�O�L�]�R�P�� �X�W�Y�U�ÿ�H�Q�D��
granica od 2 milijuna m3 �J�R�G�L�ã�Q�M�H�� �I�D�N�W�X�U�L�U�D�Q�H�� �Y�R�G�H�� �Y�U�L�M�H�G�Q�R�V�W�� �L�]�Q�D�G�� �N�R�M�H�� �G�R�O�D�]�L�� �G�R��
�V�P�D�Q�M�H�Q�M�D���W�U�R�ã�N�R�Y�D�����P�R�J�X�ü�H���R�G�V�W�X�S�D�Q�M�H���R�G�����������������8�V�O�X�å�Q�R���S�R�G�U�X�þ�M�H���P�R�U�D���R�E�X�K�Y�D�W�L�W�L���V�Y�H����
sustave javne vodoopskrbe, sustave javne odvodnje i aglomeracije. Iznimno od osnovnog 
�N�U�L�W�H�U�L�M�D���]�D���X�V�S�R�V�W�D�Y�X���X�V�O�X�å�Q�R�J���S�R�G�U�X�þ�M�D���,�9�8���V���J�R�G�L�ã�Q�M�R�P���L�V�S�R�U�X�N�R�P���Y�R�G�H���R�G�������������������G�R��
1.000.000 m3 �X�]�� �]�D�G�R�Y�R�O�M�D�Y�D�Q�M�H���G�R�G�D�W�Q�L�K�� �N�U�L�W�H�U�L�M�D���S�U�L�X�ã�W�L�Y�R�V�W�L�� �L�� �E�X�G�X�ü�H���F�L�M�H�Q�H���Y�R�G�H�� �P�R�å�H��
pr�H�G�V�W�D�Y�O�M�D�W�L�� �]�D�V�H�E�Q�L�� �V�X�V�W�D�Y���� �3�U�L�� �W�R�P�X�� �J�U�D�Q�L�F�D�� �X�V�O�X�å�Q�R�J�� �S�R�G�U�X�þ�M�D�� �Q�H�� �P�R�å�H�� �S�U�H�V�L�M�H�F�D�W�L��
�J�U�D�Q�L�F�X�� �D�J�O�R�P�H�U�D�F�L�M�H�� �Q�L�W�L�� �J�U�D�Q�L�F�X�� �Y�R�G�R�R�S�V�N�U�E�Q�R�J�� �S�R�G�U�X�þ�M�D�� ���R�V�L�P�� �G�U�å�D�Y�Q�H�� �J�U�D�Q�L�F�H������
�)�R�U�P�L�U�D�Q�M�H�P�� �H�N�R�Q�R�P�V�N�H�� �F�L�M�H�Q�H�� �Y�R�G�H�� �V�� �W�H�P�H�O�M�Q�L�P�� �Q�D�þ�H�O�R�P�� �
�
�S�R�W�U�R�ã�D�þ�� �S�O�D�ü�D�
�
�� �X�Q�X�W�D�U�� �L�V�W�R�J��
komuna�O�Q�R�J���G�U�X�ã�W�Y�D���E�L�W���ü�H���I�R�U�P�L�U�D�Q�D���M�H�G�Q�D�N�D���F�L�M�H�Q�D���Y�R�G�H���ã�W�R���ü�H���R�P�R�J�X�ü�L�W�L���V�L�J�X�U�Q�L�M�L���V�X�V�W�D�Y��
�Y�R�G�R�R�S�V�N�U�E�H�� �X�S�U�D�Y�R�� �]�E�R�J�� �Y�H�ü�L�K�� �P�R�J�X�ü�Q�R�V�W�L�� �X�O�D�J�D�Q�M�D�� �X�� �S�R�V�W�R�M�H�ü�L�� �V�X�V�W�D�Y���� �U�H�N�R�Q�V�W�U�X�N�F�L�M�X��
�L�V�W�R�J�D�� �L�O�L�� �L�]�J�U�D�G�Q�M�X�� �X�U�H�ÿ�D�M�D�� �]�D�� �N�R�Q�G�L�F�L�R�Q�L�U�D�Q�M�H�� �Y�R�G�H���� �D�O�L�� �L�� �E�R�O�M�X�� �N�R�Q�W�U�R�O�X�� �L�� �Q�D�G�]�R�U�� �Q�D�G 
�L�V�S�R�U�X�þ�H�Q�R�P���Y�R�G�R�P�����,�]�M�H�G�Q�D�þ�D�Y�D�Q�M�H�P���F�L�M�H�Q�H�����W�M�����Q�M�H�]�L�Q�L�P���S�R�Y�H�ü�D�Q�M�H�P���G�R�ü�L���ü�H���S�R�V�O�M�H�G�L�þ�Q�R��
�L���G�R���U�D�F�L�R�Q�D�O�L�]�D�F�L�M�H���X���S�R�W�U�R�ã�Q�M�L���L�V�W�H�����5�D�F�L�R�Q�D�O�L�]�D�F�L�M�D���X���S�R�W�U�R�ã�Q�M�L���Y�R�G�H���V�H���R�þ�L�W�X�M�H���L���S�U�L�P�M�H�Q�R�P��
�W�U�H�ü�H�� �R�G�U�H�G�Q�L�F�H���� �R�G�Q�R�V�Q�R�� �X�� �V�P�D�Q�M�H�Q�M�X�� �J�X�E�L�W�D�N�D�� �X�� �M�D�Y�Q�R�P�� �V�X�V�W�D�Y�X�� �Y�R�G�R�R�S�V�N�U�Ee. Trenutni 
�J�X�E�L�W�F�L�� �X�� �Y�R�G�R�R�S�V�N�U�E�Q�L�P�� �V�X�V�W�D�Y�L�P�D�� �L�]�Q�R�V�H�� �S�U�R�V�M�H�þ�Q�R�� ���� ���� �ã�W�R�� �M�H�� �Q�H�S�U�L�K�Y�D�W�O�M�L�Y�R�� �Y�H�O�L�N��
�W�U�R�ã�D�N�����3�O�D�Q�L�U�D�Q�L�P���X�O�D�J�D�Q�M�L�P�D���S�U�H�G�Y�L�ÿ�H�Q�R���M�H���V�P�D�Q�M�H�Q�M�H���J�X�E�L�W�D�N�D���Q�D���S�U�L�K�Y�D�W�O�M�L�Y�H���Y�U�L�M�H�G�Q�R�V�W�L��
15-20 �������6�P�D�Q�M�H�Q�M�H�P���J�X�E�L�W�D�N�D���V�P�D�Q�M�L�W���ü�H���V�H���L���S�R�W�U�H�E�H���]�D���G�R�G�D�W�Q�L�P���N�R�O�L�þ�L�Q�D�P�D���Y�R�G�H���N�R�M�H��
se gube tijekom uporabe u sustavu. Posljednja, ali jednako vrijedna odrednica odnosi se na 
�S�R�Y�H�ü�D�Q�M�H���V�L�J�X�U�Q�R�V�W�L���]�D�K�Y�D�W�D���Y�R�G�H���]�D���M�D�Y�Q�X���Y�R�G�R�R�S�V�N�U�E�X���L���W�R���R�V�R�E�L�W�R���Q�D���V�X�V�W�D�Y�L�P�D���þ�L�M�L���V�X��
vodonosnici ranjivi (mala debljina vodonosnika ili opasnost �R�G�� �W�U�D�M�Q�R�J�� �R�Q�H�þ�L�ã�ü�H�Q�M�D������
�]�D�K�Y�D�W�L�� �N�R�M�L�� �Q�H�P�D�M�X�� �]�D�G�R�Y�R�O�M�D�Y�D�M�X�ü�X�� �N�D�N�Y�R�ü�X�� �Y�R�G�H���� �]�D�K�Y�D�W�L�� �N�R�M�L�� �L�P�D�M�X�� �V�D�P�R�� �M�H�G�Q�R��
�L�]�Y�R�U�L�ã�W�H�� �L�O�L�� �L�P�D�M�X�� �G�L�R�� �S�U�L�O�M�H�Y�Q�R�J�� �S�R�G�U�X�þ�M�D�� �L�]�Y�D�Q�� �5�+�� ���9�L�ã�H�J�R�G�L�ã�Q�M�L�� �S�U�R�J�U�D�P�� �J�U�D�G�Q�M�H��
�N�R�P�X�Q�D�O�Q�L�K�� �Y�R�G�Q�L�K�� �J�U�D�ÿ�H�Y�L�Q�D, 2015). U nastavku su dane smjernice za �U�M�H�ã�D�Y�D�Q�M�H��
problema na vodoopskrbnom sustavu u pogledu kontrole gubitaka i optimizacije sustava. 
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Pregled planiranih investicija u vodoopskrbnom sustavu 
 
�8�N�X�S�Q�R�� �S�U�R�F�L�M�H�Q�M�H�Q�D�� �X�O�D�J�D�Q�M�D�� �X�� �L�]�J�U�D�G�Q�M�X�� �Y�R�G�R�R�S�V�N�U�E�Q�R�J�� �V�X�V�W�D�Y�D�� �Q�D�� ������ �X�V�O�X�å�Q�L�K��
�S�R�G�U�X�þ�M�D�� �X�� �U�D�]�G�R�E�O�M�X�� �R�G��2014 do 2023.g iznose 6.371.000.000,00 kn financiranjem iz 
�W�H�N�X�ü�L�K�� �L�Q�Y�H�V�W�L�F�L�M�V�N�L�K�� �V�U�H�G�V�W�D�Y�D�� ���S�R�Y�H�ü�D�Q�M�H�� �F�L�M�H�Q�H�� �L�� �G�U�å�D�Y�Q�L�� �S�U�R�U�D�þ�X�Q���� �L�� �(�8�� �I�R�Q�G�R�Y�D����
�8�O�D�J�D�Q�M�D�� �V�H�� �R�G�Q�R�V�H�� �Q�D�� �S�R�E�R�O�M�ã�D�Q�M�H�� �N�D�N�Y�R�ü�H�� �Y�R�G�H�� ���X�U�H�ÿ�D�M�L�� �]�D�� �N�R�Q�G�L�F�L�R�Q�L�U�D�Q�M�H�� �Y�R�G�D����
�S�U�R�ã�L�U�H�Q�M�H�� �L�� �U�H�N�R�Q�V�W�U�X�N�F�L�M�H�� �G�L�Melova VS) i dogradnju sustava vodoopskrbe do granice 
�S�U�L�X�ã�W�L�Y�R�V�W�L�� ���L�]�J�U�D�G�Q�M�X�� �J�O�D�Y�Q�L�K�� �R�E�M�H�N�D�W�D�� �V�X�V�W�D�Y�D���� �G�R�Y�R�ÿ�H�Q�M�D�� �D�G�H�N�Y�D�W�Q�L�K�� �N�R�O�L�þ�L�Q�D�� �Y�R�G�H����
�L�]�J�U�D�G�Q�M�D�� �Y�R�G�R�R�S�V�N�U�E�Q�H�� �P�U�H�å�H���� �X�]�� �Q�D�J�O�D�V�D�N�� �Q�D�� �S�U�R�ã�L�U�H�Q�M�H�� �Q�D�� �S�R�G�U�X�þ�M�D�� �J�G�M�H�� �M�H��
�P�R�J�X�ü�Q�R�V�W�� �S�U�L�N�O�M�X�þ�H�Q�M�D�� �L�V�S�R�G�� ���� ������ �������� ��Vi �ã�H�J�R�G�L�ã�Q�M�L�� �S�U�R�J�U�D�P�� �J�U�D�G�Q�M�H�� �N�R�P�X�Q�D�O�Q�L�K��
�Y�R�G�Q�L�K�� �J�U�D�ÿ�H�Y�L�Q�D, 2015). Prema procjeni UN-a ulaganjem samo jednog dolara u 
vodoopskrbni sustav ostvaruje se osam dolara koristi (United Nations Development 
�3�U�R�J�U�D�P�P�H���� �������������� �D�� �M�H�G�Q�D�� �R�G�� �N�R�U�L�V�W�L�� �M�H�� �X�� �S�R�W�S�X�Q�R�V�W�L�� �U�M�H�ã�D�Y�D�Q�M�H�� �S�U�R�E�O�H�P�D�� �S�R�Y�H�ü�D�Q�L�K��
�N�R�O�L�þ�L�Q�D�� �D�U�V�H�Q�D���� �N�O�R�U�L�G�D���� �Q�L�W�U�D�W�D���� �P�X�W�Q�R�ü�H���� �S�U�L�U�R�G�Q�R�� �S�R�Y�L�ã�H�Q�L�K�� �V�D�G�U�å�D�M�D�� �å�H�O�M�H�]�D�� �L��
�P�D�Q�J�D�Q�D�� �L�� �P�L�N�U�R�E�L�R�O�R�ã�N�R�J�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� ���Y�H�ü�� �H�Y�L�G�H�Q�W�L�U�D�Q�R�J�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� �L�O�L�� �U�L�]�L�N�D�� �R�G��
�S�R�M�D�Y�H�� �R�Q�H�þ�L�ã�ü�H�Q�M�D���� �W�H�� �X�N�O�D�Q�M�D�Q�M�H�� �U�L�]�L�N�D�� �L�V�S�R�U�X�N�H�� �Q�H�N�Y�D�O�L�W�H�W�Q�H�� �Y�R�G�H�� �]�D �S�L�ü�H�� �X�� �V�Y�L�P��
vodoopskrbnim �V�X�V�W�D�Y�L�P�D�����%�D�U�E�D�O�L�ü���L���G�U���������������������ã�W�R���ü�H���S�R�V�O�M�H�G�L�þ�Q�R���V�P�D�Q�M�L�W�L���L���W�U�R�ã�N�R�Y�H��
�]�G�U�D�Y�V�W�Y�H�Q�H���]�D�ã�W�L�W�H�����&�D�V�K�P�D�Q���L���$�V�K�O�H�\���������������� 
�)�L�Q�D�Q�F�L�U�D�Q�M�H�� �V�Y�D�N�R�J�� �S�U�R�M�H�N�W�D�� �G�H�I�L�Q�L�U�D�W�� �ü�H�� �V�H�� �]�D�� �V�Y�D�N�L�� �S�U�R�M�H�N�W�� �]�D�V�H�E�Q�R�� �L�� �Q�D�� �W�H�P�H�O�M�X��
sposobnosti komunalnog podu�]�H�ü�D���� �O�R�N�D�O�Q�H�� �]�D�M�H�G�Q�L�F�H�� �L�� �X�G�M�H�O�D�� �5�+�� �X�� �I�L�Q�D�Q�F�L�U�D�Q�M�X����
�R�G�U�H�G�L�W�� �ü�H�� �V�H�� �X�G�L�R�� �E�H�V�S�R�Y�U�D�W�Q�L�K�� �V�U�H�G�V�W�D�Y�D�� �L�]�� �(�8�� �I�R�Q�G�R�Y�D�� �N�R�M�L�� �V�H�� �N�U�H�ü�H�� �R�G�� ����-75 % 
�R�Y�L�V�Q�R�� �R�� �S�U�R�M�H�N�W�X�� ���+�X�V�D�U�L�ü�� �L�� �G�U������ �������������� �1�D�Y�H�G�H�Q�H�� �D�N�W�L�Y�Q�R�V�W�L�� �S�U�H�G�V�W�D�Y�O�M�D�M�X�� �G�X�J�R�W�U�D�M�D�Q��
proces od izrade studijske dokumentacije s ekonomsko-financijskom analizom 
�S�U�L�X�ã�W�L�Y�R�V�W�L�� �S�U�R�M�H�N�W�D���� �L�]�U�D�G�H�� �S�U�R�M�H�N�W�Q�H�� �G�R�N�X�P�H�Q�W�D�F�L�M�H���� �S�U�R�Y�H�G�E�H�� �M�D�Y�Q�R�J�� �Q�D�W�M�H�þ�D�M�D�� �G�R��
izgradnje na VS. 
�=�D�N�O�M�X�þ�Q�R���V���S�U�R�V�L�Q�F�H�P���������������J�������+�U�Y�D�W�V�N�H���Y�R�G�H���N�D�R���3�R�V�U�H�G�Q�L�þ�N�R���W�L�M�H�O�R���U�D�]�L�Q�H�������Q�D�G�]�L�U�X��
i koordiniraju provedbu projeka�W�D�� �Y�R�G�R�R�S�V�N�U�E�Q�R�J�� �V�X�V�W�D�Y�D���� �X�N�O�M�X�þ�X�M�X�ü�L�� �L�� �N�R�P�X�Q�D�O�Q�X��
infrastrukturu za koje je osigurano 7,93 milijarde kuna europskog novca. Potpisano je 
ukupno 35 ugovora o dodjeli bespovratnih sredstava ukupne vrijednosti 10,6 milijardi 
�N�X�Q�D���� �R�G�� �þ�H�J�D�� ���������� ���� �I�L�Q�D�Q�F�L�U�D�� �(�8�� �Va 7,49 milijardi kuna. Tijekom perioda 2007.-
������������ �J�R�G�L�Q�H�� �X�� �V�N�O�R�S�X�� �,�3�$�� �2�S�H�U�D�W�L�Y�Q�R�J�� �S�U�R�J�U�D�P�D�� �
�
�2�N�R�O�L�ã�
�
�� �X�J�R�Y�R�U�H�Q�R�� �M�H�� ����
�L�Q�I�U�D�V�W�U�X�N�W�X�U�Q�L�K�� �S�U�R�M�H�N�D�W�D�� ���'�U�Q�L�ã���� �.�Q�L�Q���� �2�V�L�M�H�N���� �3�R�U�H�þ���� �6�L�V�D�N�� �L�� �6�O�D�Y�R�Q�V�N�L�� �%�U�R�G������ �D��
�S�U�L�S�U�H�P�O�M�H�Q���M�H���M�H�G�D�Q���S�U�R�M�H�N�W���L���ã�H�V�Q�D�H�V�W���D�J�O�R�P�H�U�D�F�L�M�D�����3rogramsko razdoblje 2007.-2013. 
�X�N�O�M�X�þ�L�O�R���M�H���G�H�Y�H�W���Y�H�O�L�N�L�K���L�Q�I�U�D�V�W�U�X�N�W�X�U�Q�L�K���S�U�R�M�H�N�D�W�D�����ý�D�N�R�Y�H�F���� �1�R�Y�D���*�U�D�G�L�ã�N�D���� �2�V�L�M�H�N����
�3�R�U�H�þ���� �5�9�6�� �2�V�L�M�H�N���� �9�L�U�R�Y�L�W�L�F�D���� �9�R�G�L�F�H���� �9�X�N�R�Y�D�U�� �L�� �ä�X�S�D�Q�M�D���� �W�H�� �S�U�L�S�U�H�P�X�� ������ �S�U�R�M�H�N�W�D����
�7�U�H�ü�H�� �S�U�R�J�U�D�P�V�N�R�� �U�D�]�G�R�E�O�M�H�� ���S�H�U�L�R�G�� ����������-�������������� �X�N�O�M�X�þuje impresivnih 35 
infrastrukturnih projekata. Slika 1 predstavlja omjer financiranja sredstava iz vlastitih 
izvora i EU sredstava u navedenim programskim razdobljima. 
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Slika 1. Vrijednost investicija vodno-komunalne infrastrukture 
Figure 1. The investment value of water-utilities infrastructure 

 
 
�6�P�M�H�U�Q�L�F�H���]�D���U�M�H�ã�D�Y�D�Q�M�H���S�U�R�E�O�H�P�D���X���Y�R�G�R�R�S�V�N�U�E�Q�R�P���V�X�V�W�D�Y�X 
 
�8�V�S�M�H�ã�Q�R�� �G�H�W�H�N�W�L�U�D�Q�M�H�� �L�� �U�M�H�ã�D�Y�D�Q�M�H�� �Y�R�G�Q�L�K�� �J�X�E�L�W�D�N�D�� �S�R�G�U�D�]�X�P�L�M�H�Y�D�� �N�R�U�L�ã�W�H�Q�M�H�� �,�:�$�� ���H�Q�J����
International Water Association) metodologije, kao i niz drugih aktivnosti koje je potrebno 
�S�R�G�X�]�H�W�L�� �N�D�N�R�� �E�L�� �V�H�� �]�D�J�R�V�S�R�G�D�U�L�O�R�� �Y�R�G�R�R�S�V�N�U�E�Q�L�P�� �V�X�V�W�D�Y�R�P�� ���7�D�G�L�ü���� �������������� �3�U�Y�R�W�Q�L��
�S�U�R�E�O�H�P�� �N�R�M�L�� �V�H�� �Q�D�P�H�ü�H�� �Y�H�O�L�N�D�� �M�H�� �V�W�D�U�R�V�W�� �F�M�H�O�R�N�X�S�Q�R�J�� �V�X�V�W�D�Y�D�� �X�]�� �U�D�Q�L�M�H�� �Q�D�Y�H�G�H�Q�R�� �V�O�D�E�R��
�R�G�U�å�D�Y�D�Q�M�H�� �P�U�H�å�H���� �1�X�å�Q�D�� �M�H�� �F�M�H�O�R�Y�L�W�D�� �S�U�R�Y�H�G�E�D�� �]�D�P�M�H�Q�H�� �O�L�M�H�Y�D�Q�R�å�H�O�M�H�]�Q�L�K�� �L�� �D�]�E�H�V�W�Q�R-
cementnih cjevovoda (A-�&���� �]�E�R�J�� �Q�D�N�Q�D�G�Q�H�� �V�S�R�]�Q�D�M�H�� �R�� �Q�M�L�K�R�Y�R�P�� �ã�W�H�W�Q�R�P�� �X�W�M�H�F�D�M�X�� �Q�D��
�N�Y�D�O�L�W�H�W�X���Y�R�G�H���L���O�M�X�G�V�N�R���]�G�U�D�Y�O�M�H�����8�N�O�D�Q�M�D�Q�M�H���å�H�O�M�H�]�D���ü�H���V�H���V�P�D�Q�M�L�W�L���X���]�Q�D�W�Q�R�M���N�R�O�L�þ�L�Q�L���M�H�U���ü�H��
se rekonstrukcijom zamijeniti �S�R�V�W�R�M�H�ü�H�� �]�D�V�W�D�U�M�H�O�H�� �Y�H�ü�L�Q�R�P�� �å�H�O�M�H�]�Q�H�� �F�L�M�H�Y�L�� �X�� �N�R�M�L�P�D�� �V�H��
�W�L�M�H�N�R�P�� �Y�U�H�P�H�Q�D�� �V�W�Y�D�U�D�M�X���W�D�O�R�]�L�� �å�H�O�M�H�]�D�� �þ�L�P�H�� �V�P�D�Q�M�X�M�X�� �S�U�R�W�R�N�� �Y�R�G�H�� ���6�D�Q�J�R�G�R�\�L�Q���� ������������ �L��
�X�W�M�H�þ�X�� �Q�D�� �N�Y�D�O�L�W�H�W�X�� �F�M�H�O�R�N�X�S�Q�R�J�� �V�X�V�W�D�Y�D���� �2�V�L�P�� �Q�D�Y�H�G�H�Q�L�K�� �L�� �3�9�&�� �F�L�M�H�Y�L�� �V�X�� �V�H�� �S�R�N�D�]�D�O�H��
nepouzdanima u sustavima vo�G�R�R�S�V�N�U�E�H���]�E�R�J���X�þ�H�V�W�D�O�L�K���S�X�N�Q�X�ü�D�����D���W�L�P�H���L���Y�H�O�L�N�L�K���J�X�E�L�W�D�N�D��
�X�� �V�X�V�W�D�Y�X���� �6�W�R�J�D�� �M�H�� �W�U�H�Q�X�W�Q�D�� �S�U�D�N�V�D�� �U�H�G�R�Y�Q�H�� �N�R�Q�W�U�R�O�H�� �V�X�N�O�D�G�Q�R�� �þ�H�P�X�� �V�H�� �S�U�R�Y�R�G�L�� �]�D�P�M�H�Q�D��
PVC ma�W�H�U�L�M�D�O�D���X���Y�R�G�R�R�S�V�N�U�E�Q�R�M���P�U�H�å�L�� 
Osim zamjene starih cjevovoda, potrebno je provesti i ostale aktivnosti kojima bi se uvela 
kontrola gubitaka i ostvarila optimalizacija sustava. Osnovni primjeri implementacije 
�N�R�Q�W�U�R�O�H���J�X�E�L�W�D�N�D�� �X�� �V�X�V�W�D�Y�X���M�D�Y�Q�H�� �Y�R�G�R�R�S�V�N�U�E�H�� �V�X�� �S�O�D�Q�L�U�D�Q�M�H���� �S�U�R�Y�R�ÿ�H�Q�M�H���L�� �X�V�S�R�V�W�D�Y�O�M�D�Q�M�H��
DMA zona (eng. District Metered Area), PMA zona (eng. Pressure Management Area), 
�Q�D�G�]�R�U�Q�R�� �X�S�U�D�Y�O�M�D�þ�N�R�J�� �V�X�V�W�D�Y�D�� ���1�8�6������ �J�H�R�L�Q�I�R�U�P�D�F�L�M�V�N�R�J�� �V�X�V�W�D�Y�D�� ���*�,�6������ �W�H�O�H�P�H�W�U�L�M�V�N�L��
�Q�D�G�]�R�U�� �L�� �G�U���� �7�D�N�R�ÿ�H�U�� �V�H�� �S�U�L�P�M�H�Q�M�X�M�X�� �V�W�D�Q�G�D�U�G�Q�H�� �P�H�W�R�G�H�� �U�H�G�X�F�L�U�D�Q�M�D�� �L�� �S�U�D�ü�H�Q�M�D�� �J�X�E�L�W�D�N�D��
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�Y�R�G�H�� �L�]�� �G�L�V�W�U�L�E�X�F�L�M�V�N�H�� �P�U�H�å�H���� �N�D�R�� �ã�W�R�� �M�H�� �,�/�,�� �N�R�H�I�L�F�L�M�H�Q�W�� ���H�Q�J���� �,�Q�I�Uestructure Leakage 
Indeks). 
�,�D�N�R���V�Y�D�N�L���P�R�G�H�O���N�R�Q�W�U�R�O�H���V�X�V�W�D�Y�D���G�R�Y�R�G�L���G�R���S�R�E�R�O�M�ã�D�Q�M�D���X�þ�L�Q�N�R�Y�L�W�R�V�W�L���L���N�Y�D�O�L�W�H�W�H���V�X�V�W�D�Y�D����
�Q�D�M�V�N�X�S�O�M�D�� �R�S�F�L�M�D���� �L�D�N�R�� �Q�D�M�þ�H�ã�ü�H�� �Q�X�G�L�� �Q�D�M�E�R�O�M�X�� �N�R�Q�W�U�R�O�X���� �Q�H�� �P�R�U�D�� �S�U�H�G�V�W�D�Y�O�M�D�W�L�� �R�S�W�L�P�D�O�Q�R��
�U�M�H�ã�H�Q�M�H���� �N�R�M�H�� �]�D�� �V�Y�D�N�L�� �V�X�V�W�D�Y�� �P�R�U�D�� �E�L�W�L�� �]�D�V�H�E�Q�R definirano. Kako je odabir optimalnog 
�U�M�H�ã�H�Q�M�D�� �N�R�P�S�O�H�N�V�D�Q�� �L�� �V�Y�H�R�E�X�K�Y�D�W�D�Q�� �S�U�R�E�O�H�P���� �X�� �V�N�O�R�S�X�� �R�Y�R�J�D�� �U�D�G�D�� �S�U�L�N�D�]�D�W�� �ü�H�� �V�H�� �V�D�P�R��
�P�D�O�L�� �S�U�L�P�M�H�U�� �U�D�]�O�L�þ�L�W�L�K�� �P�R�J�X�ü�Q�R�V�W�L�� �S�U�L�� �R�G�D�E�L�U�X�� �U�H�J�X�O�D�W�R�U�D�� �W�O�D�N�D�� �X�� �V�X�V�W�D�Y�X���� �'�D�Q�� �M�H�� �S�U�H�J�O�H�G��
rada: konvencionalnog fiksnog ventila za smanjenje tlaka na izlazu, vremenski modulirane 
regulacije tlaka i regulacije tlaka s moduliranim protokom (Mckenzie i Wegelin, 2009). 
�.�R�Q�Y�H�Q�F�L�R�Q�D�O�Q�L�� �Y�H�Q�W�L�O���]�D�� �V�P�D�Q�M�H�Q�M�H���W�O�D�N�D�� �R�P�R�J�X�ü�D�Y�D���U�H�J�X�O�D�F�L�M�X���W�O�D�N�D�� �Q�D�� �L�]�O�D�]�X�� �L�]�� �Y�H�Q�W�L�O�D��
�Q�D���I�L�N�V�Q�X���Y�U�L�M�H�G�Q�R�V�W�����þ�L�P�H���V�H���R�V�W�Y�D�U�X�M�H���S�U�L�P�D�U�Q�L���F�L�O�M���Q�D�J�O�L�K���S�U�L�P�M�H�Q�D���W�O�D�N�R�Y�D���X���P�U�H�å�L�����W�H���V�H��
�L�V�W�D�� �G�U�å�L�� �Q�D�� �P�D�N�V�L�P�D�O�Q�R�M�� �Y�U�L�M�H�G�Q�R�V�W�L�� �N�R�M�D�� �X�G�R�Y�R�O�M�D�Y�D�� �S�R�W�U�H�E�D�P�D�� �V�X�V�W�D�Y�D�� �N�R�M�H�� �X�N�O�M�X�þ�X�M�H��
�F�M�H�O�R�G�Q�H�Y�Q�H���Q�H�U�D�Y�Q�R�P�M�H�U�Q�R�V�W�L���L���R�V�F�L�O�D�F�L�M�H���S�R�W�U�R�ã�Q�M�H���L���W�O�D�N�D�����6�O�L�N�D�������� 
 

 
 

Slika 2. Konvencionalni fiksni ventil za smanjenje tlaka na izlazu  
(preuzeto: Mckenzie i Wegelin, 2009) 

Figure 3. Conventional fixed valve to reduce pressure at the outlet 
(taken from: Mckenzie i Wegelin, 2009) 

 
 
Vremenski modulirana �U�H�J�X�O�D�F�L�M�D���W�O�D�N�D���R�P�R�J�X�ü�D�Y�D���U�H�J�X�O�D�F�L�M�X���W�O�D�N�D���Q�D���L�]�O�D�]�X���L�]���Y�H�Q�W�L�O�D���Q�D��
�R�S�W�L�P�D�O�Q�X���Y�U�L�M�H�G�Q�R�V�W���S�R�Y�H�]�D�Q�X���V�D���G�Y�D���R�V�Q�R�Y�Q�D���U�H�å�L�P�D���U�D�G�D���Y�R�G�R�R�S�V�N�U�E�Q�L�K���V�X�V�W�D�Y�D�����D���W�R���V�X��
�G�Q�H�Y�Q�L���L���Q�R�ü�Q�L�����3�U�L���þ�H�P�X���V�H���X���S�H�U�L�R�G�X���Q�R�ü�Q�R�J���W�H�U�P�L�Q�D���W�O�D�N���X���P�U�H�å�L���G�R�G�D�W�Q�R���V�P�D�Q�M�X�M�H���þ�L�P�H��
se smanjuju �L���R�V�F�L�O�D�F�L�M�H���W�O�D�N�R�Y�D���X���P�U�H�å�L���X�]�U�R�N�R�Y�D�Q�H���G�Q�H�Y�Q�L�P���N�R�O�H�E�D�Q�M�L�P�D���S�R�W�U�R�ã�Q�M�H���Y�R�G�H��
(Slika 3). Ovaj sustav predstavlja svojevrsni napredak u odnosu na konvencionalni sustav 
uz primjenu vr�H�P�H�Q�V�N�L�K���P�R�G�X�O�D�U�Q�L�K���X�S�U�D�Y�O�M�D�þ�D�� 
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Slika 4. Vremenski modulirana regulacija tlaka 
(preuzeto: Mckenzie i Wegelin, 2009) 

Figure 5. Time-modulated pressure regulation 
(taken from: Mckenzie i Wegelin, 2009) 

 
�.�D�R���Q�D�M�Q�D�S�U�H�G�Q�L�M�L���V�X�V�W�D�Y���N�R�Q�W�U�R�O�H���L���U�H�J�X�O�D�F�L�M�H���W�O�D�N�R�Y�D���X���P�U�H�å�L���S�U�H�G�V�W�D�Y�O�M�D���V�H��regulator tlaka 
�V���P�R�G�X�O�L�U�D�Q�L�P���S�U�R�W�R�N�R�P�����1�D���W�H�P�H�O�M�X���W�R�þ�Q�L�K���P�R�G�H�O�D���L���D�Q�D�O�L�]�H���V�X�V�W�D�Y�D�����Y�H�Q�W�L�O���]�D���V�P�D�Q�M�H�Q�M�H��
�W�O�D�N�D�� �R�Y�L�V�Q�R�� �R�� �N�R�O�L�þ�L�Q�L�� �Y�R�G�H�� �N�R�M�D�� �X�O�D�]�L�� �X�� �V�X�V�W�D�Y�� �W�H�� �N�U�L�W�L�þ�Q�R�P�� �þ�Y�R�U�X�� �Q�D�� �V�X�V�W�D�Y�X�� �X�� �U�H�D�O�Q�R�P��
�Y�U�H�P�H�Q�X�� �X�Y�L�M�H�N�� �R�V�W�Y�D�U�X�M�H�� �R�S�W�L�P�D�O�D�Q�� �W�O�D�N�� �X�� �V�X�V�W�D�Y�X���� �þ�L�P�H�� �V�H�� �]�Q�D�þajno smanjuju gubitci i 
�R�V�W�Y�D�U�X�M�H���N�R�Q�W�U�R�O�D���J�X�E�L�W�D�N�D���X���P�U�H�å�L�����6�O�L�N�D�������� 
 

 
 

Slika 6. Regulacija tlaka s modularnim protokom 
(preuzeto: Mckenzie i Wegelin, 2009) 

Figure 7. Pressure regulation with modular flow 
(taken from: Mckenzie i Wegelin, 2009) 
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�1�X�å�Q�R���M�H���]�D���V�Y�D�N�L���V�X�V�W�D�Y���X�]�H�W�L���X���R�E�]�L�U���Q�M�H�J�R�Y�H���U�H�D�O�Q�H���S�R�W�U�H�E�H�����N�D�R���L���X�Y�M�H�W�H���X���N�R�M�L�P�D���U�D�G�L���Q�D��
�W�H�P�H�O�M�X���þ�H�J�D���V�H���R�G�D�E�L�U�H���Q�D�M�E�R�O�M�H���U�M�H�ã�H�Q�M�H���]�D���R�G�D�E�L�U���Y�U�V�W�H���R�E�M�H�N�D�W�D�����R�S�U�H�P�H���N�D�R���L���Q�D�þ�L�Q�D���U�D�G�D��
�V�X�V�W�D�Y�D�����7�R���M�H���N�R�P�S�O�H�N�V�D�Q���L�Q�å�H�Qjerski posao koji mora uzeti u obzir uz primjenu najboljeg 
�W�H�K�Q�L�þ�N�R-�W�H�K�Q�R�O�R�ã�N�R�J�� �U�M�H�ã�H�Q�M�D�� �L�� �H�N�R�Q�R�P�V�N�L�� �I�D�N�W�R�U�� ���D�Q�D�O�L�]�D�� �W�U�R�ã�N�R�Y�D�� �L�� �N�R�U�L�V�W�L���� �N�R�M�L�� �L�P�D��
�]�Q�D�þ�D�M�D�Q���X�W�M�H�F�D�M���Q�D���R�G�D�E�L�U���Q�D�þ�L�Q�D���X�S�U�D�Y�O�M�D�Q�M�D���L���N�R�Q�W�U�R�O�H���V�X�V�W�D�Y�R�P�����V���M�D�V�Q�L�P���S�U�D�Y�L�O�R�P���N�D�N�R��
�M�H���M�H�G�L�Q�R���V�D�P�R�R�G�U�å�L�Yi sustav dobar sustav. 
 
�=�D�N�O�M�X�þ�D�N 
 
�8�O�D�J�D�Q�M�H�P�� �X�� �Y�R�G�R�R�S�V�N�U�E�Q�L�� �V�X�V�W�D�Y�� �5�+�� �V�X�I�L�Q�D�Q�F�L�U�D�M�X�ü�L�� �S�U�R�M�H�N�W�H�� �Y�O�D�V�W�L�W�L�P�� �V�U�H�G�V�W�Y�L�P�D�� �L��
�V�U�H�G�V�W�Y�L�P�D���(�8���I�R�Q�G�R�Y�D�����D���S�U�L�W�R�P���X�V�N�O�D�ÿ�X�M�X�ü�L���V�H���V���'�L�U�H�N�W�L�Y�R�P���R���N�D�N�Y�R�ü�L���Y�R�G�H�����X�Q�D�S�U�L�M�H�G�L�W��
�ü�H�� �V�H�� �N�Y�D�O�L�W�H�W�D�� �Y�R�G�H�� �]�D�� �O�M�X�G�V�N�X�� �S�R�W�U�R�ã�Q�M�X�� �L�]���V�X�V�W�D�Y�D�� �L�� �R�V�L�J�X�U�D�W�� �ü�H�� �V�H�� �S�R�Y�H�ü�D�Q�M�H��
�S�U�L�N�O�M�X�þ�H�Q�R�V�W�L���� �D�� �S�R�V�O�M�H�G�L�þ�Q�R�� �S�R�Y�H�ü�D�Q�M�H�� �N�Y�D�O�L�W�H�W�H�� �L�� �V�L�J�X�U�Q�R�V�W�L�� �X�V�O�X�J�D���� �2�V�L�P�� �N�Y�D�O�L�W�H�W�H�� �S�L�W�N�H��
�Y�R�G�H���� �R�N�U�X�S�Q�M�L�Y�D�Q�M�H�P�� �Y�H�O�L�N�R�J�� �E�U�R�M�D�� �L�V�S�R�U�X�þ�L�W�H�O�M�D�� �R�V�L�J�X�U�D�W�� �ü�H�� �V�H�� �X�þ�L�Q�N�R�Y�L�W�L�M�L�� �V�X�V�W�D�Y�� �L��
�R�O�D�N�ã�D�Q�R���X�S�U�D�Y�O�M�D�Q�M�H���L�V�W�L�P�����6�P�M�H�U�Q�L�F�D�P�D���Q�D�Yedenim u radu u pogledu zamjene dotrajalih i 
zdravstveno opasnih cijevnih materijala u vodoopskrbnom sustavu i smanjenju trenutno 
velikih gubitaka unutar sustava implementacijom kontrole gubitaka uspostavom DMA 
zona, GIS sustava, telemetrijskog nadzora i d�U���� �U�L�M�H�ã�L�W�� �ü�H�� �V�H�� �S�U�R�E�O�H�P�L�� �X�� �Y�R�G�R�R�S�V�N�U�E�Q�R�P��
�V�X�V�W�D�Y�X�� �V�� �N�R�M�L�P�D�� �V�H�� �L�V�S�R�U�X�þ�L�W�H�O�M�L�� �Y�R�G�Q�L�K�� �X�V�O�X�J�D�� �W�U�H�Q�X�W�Q�R�� �V�X�R�þ�D�Y�D�M�X���� �2�V�L�P�� �V�P�M�H�U�Q�L�F�D��
�S�U�R�S�L�V�D�Q�L�K�� �G�L�U�H�N�W�L�Y�D�P�D���� �]�D�N�R�Q�L�P�D�� �L�� �S�U�D�Y�L�O�Q�L�F�L�P�D���� �,�V�S�R�U�X�þ�L�W�H�O�M�L�� �Y�R�G�Q�L�K���X�V�O�X�J�D�� �W�U�H�E�D�O�L�� �E�L�� �Q�D��
�]�D�W�H�þ�H�Q�H�� �S�U�R�E�O�H�P�H�� �X�Q�X�W�D�U�� �V�X�V�W�D�Y�D�� �S�U�L�P�M�H�Q�M�L�Y�D�W�L�� �ã�L�U�L�� �S�R�J�O�H�G���� �3�U�L�M�H�� �V�Y�H�J�D���� �S�U�R�E�O�H�P�H��
�X�S�U�D�Y�O�M�D�Q�M�D���V�X�V�W�D�Y�R�P���E�L���W�U�H�E�D�O�L���U�M�H�ã�D�Y�D�W�L���S�U�R�P�D�W�U�D�Q�M�H�P���N�U�R�]���G�Y�L�M�H���R�V�Q�R�Y�Q�H���N�D�W�H�J�R�U�L�M�H�����D���W�R��
su problem strukture upravljanja sustavom (podkapacitiran broj radnika, nedostatak 
opreme, alata i znanja za pravilno uprav�O�M�D�Q�M�H���V�X�V�W�D�Y�R�P�����Q�H�G�R�Y�R�O�M�D�Q���E�U�R�M���V�W�U�X�þ�Q�R�J���R�V�R�E�O�M�D����
�L�� �G�U������ �L�� �S�U�R�E�O�H�P�� �]�D�W�H�þ�H�Q�R�J�� �V�W�D�Q�M�D�� �Y�R�G�R�R�S�V�N�U�E�Q�R�J�� �V�X�V�W�D�Y�D�� ���Y�H�O�L�N�L�� �J�X�E�L�F�L�� �Y�R�G�H���� �Q�H�O�H�J�D�O�Q�L��
�G�L�M�H�O�R�Y�L�� �P�U�H�å�H�� �L�� �R�E�M�H�N�D�W�D���� �]�D�V�W�D�U�M�H�O�R�V�W�� �V�X�V�W�D�Y�D���� �D�]�E�H�V�W�Q�R-cementne cijevi, kvaliteta vode 
koja ne udovoljava standardi�P�D���(�8�����P�D�O�L���E�U�R�M���S�U�L�N�O�M�X�þ�H�Q�R�V�W�L���Q�D���S�R�V�W�R�M�H�ü�X���P�U�H�å�X���W�H���Y�H�O�L�N�L��
�E�U�R�M�� �U�X�U�D�O�Q�L�K�� �Q�D�V�H�O�M�D�� �E�H�]�� �S�U�L�V�W�X�S�D�� �S�L�W�N�R�M�� �Y�R�G�L�� �L�� �G�U������ �L�� �Q�D�� �W�H�P�H�O�M�X�� �Q�M�L�K�� �S�U�L�R�U�L�W�H�W�Q�R�� �U�M�H�ã�D�Y�D�W�L��
�S�U�R�E�O�H�P�H���� �2�V�L�P�� �X�R�þ�D�Y�D�Q�M�D�� �S�U�R�E�O�H�P�D���� �Y�D�å�Q�R�� �M�H�� �V�W�D�Y�L�W�L�� �Q�D�J�O�D�V�D�N�� �Q�D�� �R�E�Y�H�]�Q�R�� �S�U�R�Y�R�ÿ�H�Q�M�H��
upravljanja i moni�W�R�U�L�Q�J�D�� ���2�U�O�L�N�R�Z�V�N�L�� �L�� �G�U������ �������������� �,�V�S�R�U�X�þ�L�W�H�O�M�D�� �Y�R�G�Q�L�K�� �X�V�O�X�J�D�� �Q�D�G��
�Y�R�G�R�R�S�V�N�U�E�Q�L�P���V�X�V�W�D�Y�R�P���N�D�N�R���E�L���V�H���R�V�W�Y�D�U�L�O�L���L���]�D�G�U�å�D�O�L���R�S�W�L�P�D�O�Q�L���X�Y�M�H�W�L���U�D�G�D���V�X�V�W�D�Y�D���X���ã�W�R��
�G�X�å�H�P���S�H�U�L�R�G�X�� 
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ANALYSIS OF THE CURRENT IMPLEMENTATION AND GUIDELINES 
FOR IMPROVING THE QUALITY OF THE WATER SUPPLY SYSTEM 
IN ACCORDANCE WITH THE LEGISLATIVE FRAMEWORK IN THE 

REPUBLIC OF CROATIA  

UDC: 628.1 : 167.6(497.5) 

�6�D�Y�H���â�S�D�Q�M�D�����,�Y�D�Q�D���3�U�L�P�R�U�D�F�����6�D�Q�G�D���â�L�N�L�ü�����'�D�Y�R�U���7�R�P�L�þ�L�ü 
 
�,�'�7���G���R���R�������.�����3�����6�Y�D�þ�L�ü�D�����������������������2�V�L�M�H�N����Croatia 

professional paper 
Summary 

 
The Republic of Croatia is obliged to provide a sustainable water supply system in accordance with 
the legislation stemming from the guidelines and directives of the European Union. The current 
water supply system in the Republic of Croatia, for the most part, does not meet the regulatory 
standards of the current legislative framework. The biggest problems are related to: pipeline 
deterioration, poor maintenance and large losses of the entire system and poor quality of delivered 
water to end consumers. In addition, there are a large number of settlements of more than 50 
residents who do not have adequate access to water, which further aggravates the demographic 
picture of rural parts of the Republic of Croatia and is necessary for global problem solving. This 
paper provides a cross-section of the legislative framework that needs to be ensured through the 
implementation of the water supply system improvement as well as an overview of the main 
problems encountered by water supply providers. Furthermore, the paper elaborates the framework 
guidelines for solutions to these problems, which include: the increase in the number of people 
connected to the water supply system, reconstruction of the existing system, improvement of water 
supply management by uniting water supply providers, water loss reduction, the application of new 
network control systems through the implementation of investment projects co-financed by EU 
funds. 
 
Keywords: water supply systems, legislative framework, EU fonds, water quality, water supply 
system improvement 
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1�6�Y�H�X�þ�L�O�L�ã�W�H�� �-�R�V�L�S�D�� �-�X�U�M�D�� �6�W�U�R�V�V�P�D�\�H�U�D�� �X�� �2�V�L�M�H�N�X���� �3�U�H�K�U�D�P�E�H�Q�R-�W�H�K�Q�R�O�R�ã�N�L�� �I�D�N�X�O�W�H�W�� �2�V�L�M�H�N���� �)�U�D�Q�M�H��
�.�X�K�D�þ�D�����������������������2�V�L�M�H�N�����+�U�Y�D�W�V�N�D 
2�=�D�Y�R�G���]�D���M�D�Y�Q�R���]�G�U�D�Y�V�W�Y�R���2�V�M�H�þ�N�R-b�D�U�D�Q�M�V�N�H���å�X�S�D�Q�L�M�H�����)�U�D�Q�M�H���.�U�H�å�P�H������������������ Osijek, Hrvatska 
3�6�Y�H�X�þ�L�O�L�ã�W�H���6�M�H�Y�H�U�����7�U�J���G�U�����ä�D�U�N�D���'�R�O�L�Q�D�U�D���������������������.�R�S�U�L�Y�Q�L�F�D, Hrvatska 

originalni znanstveni rad 
S�D�å�H�W�D�N 

 
�1�D���S�R�G�U�X�þ�M�X���2�V�M�H�þ�N�R-b�D�U�D�Q�M�V�N�H���å�X�S�D�Q�L�M�H�����Q�D���S�R�Y�U�ã�L�Q�L���R�G�������������N�P2, nalaze se 264 naselja. Voda za 
�O�M�X�G�V�N�X�� �S�R�W�U�R�ã�Q�M�X�� �O�R�N�D�O�Q�R�P�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�X�� �R�V�L�J�X�U�D�Y�D�� �V�H�� �L�]�� ������ �å�X�S�D�Q�L�M�V�N�R�J�� �Y�R�G�R�F�U�S�L�O�L�ã�W�D���� �&�L�O�M�� �R�Y�R�J��
�U�D�G�D�� �E�L�R�� �M�H�� �S�U�L�P�M�H�Q�R�P�� �P�H�W�R�G�D�� �G�H�V�N�U�L�S�W�L�Y�Q�H�� �V�W�D�W�L�V�W�L�þ�N�H�� �D�Q�D�O�L�]�H�� �R�E�U�D�G�L�W�L�� �S�R�G�D�W�N�H�� �G�R�E�L�Y�H�Q�H��
�M�H�G�Q�R�J�R�G�L�ã�Q�M�L�P�� �P�R�Q�L�W�R�U�L�Q�J�R�P�� �Q�D�Y�H�G�H�Q�L�K�� �Y�R�G�R�F�U�S�L�O�L�ã�W�D�� �W�H�� �X�W�Y�U�G�L�W�L�� �N�R�U�H�O�D�F�L�M�X�� �P�H�ÿ�X�� �Y�U�L�M�H�G�Q�R�V�W�L�P�D��
�D�Q�D�O�L�]�L�U�D�Q�L�K�� �S�D�U�D�P�H�W�D�U�D���� �6�W�D�W�L�V�W�L�þ�N�D�� �D�Q�D�O�L�]�D�� �S�R�N�D�]�X�M�X�� �Y�U�O�R�� �X�M�H�G�Q�D�þ�H�Q�H�� �Y�U�L�M�H�G�Q�R�V�W�L�� �W�H�P�S�H�U�D�W�X�U�H�� �L�� �S�+��
�Y�U�L�M�H�G�Q�R�V�W�L���X���X�]�R�U�F�L�P�D���Y�R�G�H���L�V�S�L�W�D�Q�L�K���Y�R�G�R�F�U�S�L�O�L�ã�W�D���G�R�N���Y�U�L�M�H�G�Q�R�V�W�L���N�R�Q�F�H�Q�W�U�D�F�L�M�H���å�H�O�M�H�]�D�����P�D�Q�J�D�Q�D����
am�R�Q�L�M�D�N�D�� �L�� �D�U�V�H�Q�D�� �W�H�� �P�X�W�Q�R�ü�H�� �L�� �E�R�M�H�� �R�V�F�L�O�L�U�D�M�X���� �,�]�P�M�H�U�H�Q�H�� �Y�U�L�M�H�G�Q�R�V�W�L�� �S�D�U�D�P�H�W�D�U�D�� �N�D�N�Y�R�ü�H�� �Y�R�G�H��
analizirane su i kemometrijskim metodama. Faktorskom analizom dobivena je korelacijska matrica 
�N�R�M�D�� �S�U�L�N�D�]�X�M�H�� �R�G�Q�R�V�H�� �P�H�ÿ�X�� �L�]�P�M�H�U�H�Q�L�P�� �Y�U�L�M�H�G�Q�R�V�W�L�P�D�� �D�Q�D�O�L�]�L�U�D�Q�L�K�� �V�Y�Rjstava i koncentracija. 
Klasterskom analizom kreirani su �N�O�D�V�W�H�U�L�� �L�� �G�H�Q�G�U�R�J�U�D�P�� �V�D�� �V�O�L�þ�Q�L�P�� �Y�U�L�M�H�G�Q�R�V�W�L�P�D�� �L�� �S�U�R�P�M�H�Q�D�P�D�� �X��
�X�]�R�U�F�L�P�D�����$�Q�D�O�L�]�D���J�O�D�Y�Q�L�K���N�R�P�S�R�Q�H�Q�W�L���S�R�N�D�]�D�O�D���M�H���������]�Q�D�þ�D�M�Q�L�K���P�H�ÿ�X�V�R�E�Q�L�K���Y�H�]�D���L���V�O�L�þ�Q�R�V�W�L���L�]�P�H�ÿ�X��
svojstava i koncentracija. Kumulativno, one uzrokuju 95,76 % varijabilnosti unutar analiziranog 
�V�H�W�D�� �S�R�G�D�W�D�N�D�� �L�� �X�W�M�H�þ�X�� �Q�D�� �P�H�ÿ�X�V�R�E�Q�X�� �]�Q�D�þ�D�M�Q�X�� �U�D�]�O�L�N�X�� �X�� �N�H�P�L�]�P�X�� �V�L�U�R�Y�L�K�� �Y�R�G�D�� �2�V�M�H�þ�N�R-baranjske 
�å�X�S�D�Q�L�M�D�� 
 
�.�O�M�X�þ�Q�H�� �U�L�M�H�þ�L�� �N�D�N�Y�R�ü�D�� �Y�R�G�H���� �G�H�V�N�U�L�S�W�L�Y�Q�D�� �V�W�D�W�L�V�W�L�N�D���� �N�H�P�R�P�H�W�U�L�M�V�N�D�� �D�Q�D�O�L�]�D���� �Y�R�G�R�F�U�S�L�O�L�ã�W�H���� 
�2�V�M�H�þ�N�R-�E�D�U�D�Q�M�V�N�D���å�X�S�D�Q�L�M�D 
 
Uvod 
 
Voda je neprocjenjiv prirodni resurs o kojem ovisi socijalno i ekonomsko stanje svake 
�G�U�å�D�Y�H���X���V�Y�L�M�H�W�X�����D���������������J�R�G�L�Q�H���2�U�J�D�Q�L�]�D�F�L�M�D���8�M�H�G�L�Q�M�H�Q�L�K���Q�D�U�R�G�D���]�D���R�E�U�D�]�R�Y�D�Q�M�H�����]�Q�D�Q�R�V�W���L��
kulturu (United Nations Educational, Scientific and Cultural Organization, UNESCO) 
�R�E�M�D�Y�L�O�D�� �M�H�� �L�V�W�U�D�å�L�Y�D�Q�M�H�� �S�U�H�P�D�� �N�R�M�H�P�� �+�U�Y�D�W�V�N�D�� �]�D�X�]�L�P�D�� �������� �P�M�H�V�W�R�� �S�U�H�P�D�� �G�R�V�W�X�S�Q�R�V�W�L�� �L��
�R�E�Q�R�Y�O�M�L�Y�R�V�W�L�� �V�O�D�W�N�R�Y�R�G�Q�L�K�� �U�H�V�X�U�V�D�� �X�� �������� �G�U�å�D�Y�H�� �X�� �V�Y�L�M�H�W�X���� �(�X�U�R�V�W�D�W���� �L�Q�W�H�U�Q�H�W�V�N�D�� �V�W�U�D�Q�L�F�D��
�V�W�D�W�L�V�W�L�þ�N�R�J�� �X�U�H�G�D��Europske unije, navodi da Hrvatska sa �������������� �P�ñ��slatkovodne vode po 
stanovniku, zauzima prvo mjestu u Europskoj uniji (UNESCO, 2003; Eurostat, 2019). U 
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usporedbi s �U�D�]�Y�L�M�H�Q�L�P�� �]�H�P�O�M�D�P�D�� �]�D�S�D�G�Q�H�� �(�X�U�R�S�H���� �+�U�Y�D�W�V�N�D�� �L�V�W�L�þ�H�� �N�D�N�Y�R�ü�R�P�� �L�� �N�R�O�L�þ�L�Q�R�P��
vode kojom obiluje. No, kako se pojedini �G�L�M�H�O�R�Y�L���+�U�Y�D�W�V�N�H���]�Q�D�þ�D�M�Q�R���J�H�R�J�U�D�I�V�N�L���U�D�]�O�L�N�X�M�X����
�W�D�N�R�� �V�Y�R�M�V�W�Y�D�� �S�R�Y�U�ã�L�Q�V�N�L�K���� �D�� �Q�D�U�R�þ�L�W�R�� �L�� �S�R�G�]�H�P�Q�L�K�� �Y�R�G�D�� �]�Q�D�þ�D�M�Q�R�� �U�D�]�O�L�N�X�M�X�� �S�R�� �V�Y�R�P��
�N�H�P�L�M�V�N�R�P���L���P�L�N�U�R�E�L�R�O�R�ã�N�R�P���V�D�V�W�D�Y�X�����3�R�G�]�H�P�Q�H���Y�R�G�H���N�U�ã�N�R�J���S�R�G�U�X�þ�M�D���L���U�L�M�H�N�H���]�D�S�D�G�Q�R�J���L��
�M�X�å�Q�R�J�� �G�L�M�H�O�D�� �+�U�Y�D�W�V�N�H�� �V�X�� �Q�D�M�Y�H�ü�L�P�� �G�L�M�H�O�R�P�� �Y�L�V�R�N�H�� �N�D�N�Y�R�ü�H���� �G�R�N�� �V�X�� �Y�R�G�H�� �V�M�H�Y�H�U�Q�H��
Hrvatske, uslijed negativnih posljedica urbanizacije, industrijalizacije, primjene 
�V�X�Y�U�H�P�H�Q�L�K�� �D�J�U�R�W�H�K�Q�L�þ�N�L�K�� �P�M�H�U�D�� �W�H�� �L�Q�W�H�Q�]�L�Y�Q�R�J�� �S�U�R�P�H�W�D���� �Q�D�U�X�ã�H�Q�H���� �9�L�V�R�N�R�M�� �N�D�N�Y�R�ü�L�� �Y�R�G�D��
�W�D�N�R�ÿ�H�U�� �G�R�S�U�L�Q�R�V�H�� �N�O�L�P�D�W�V�N�H���� �J�H�R�O�R�ã�N�H�� �L�� �K�L�G�U�R�J�H�R�O�R�ã�N�H�� �]�Q�D�þ�D�M�N�H�� �K�U�Y�D�Wskog podneblja te 
relativno mali ukupni broj stanovnika. 
�3�R�G�]�H�P�Q�H���Y�R�G�H���2�V�M�H�þ�N�R-�E�D�U�D�Q�M�V�N�H���å�X�S�D�Q�L�M�H���J�O�D�Y�Q�L���V�X���L�]�Y�R�U���Y�R�G�H���O�R�N�D�O�Q�R�P���V�W�D�Q�R�Y�Q�L�ã�W�Y�X�����D��
�X�� �L�]�Y�R�U�Q�R�P�� �V�W�D�Q�M�X�� �þ�H�V�W�R�� �V�D�G�U�å�H�� �S�R�Y�L�ã�H�Q�H�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �å�H�O�M�H�]�D���� �P�D�Q�J�D�Q�D���� �D�P�R�Q�L�M�D�N�D����
arsena �W�H�� �S�R�Y�H�ü�D�Q�X�� �P�X�W�Q�R�ü�X�� �L�� �E�R�M�X���� �V�W�R�J�D�� �þ�H�V�W�R���Q�H�� �X�G�R�Y�R�O�M�D�Y�D�M�X���V�W�D�Q�G�D�U�G�L�P�D�� �]�G�U�D�Y�V�W�Y�H�Q�H��
�L�V�S�U�D�Y�Q�R�V�W�L�� �Y�R�G�H�� �]�D�� �O�M�X�G�V�N�X�� �S�R�W�U�R�ã�Q�M�X���� �8�N�R�O�L�N�R�� �V�H�� �S�R�G�]�H�P�Q�H�� �Y�R�G�H�� �L�V�W�R�þ�Q�H�� �+�U�Y�D�W�V�N�H��
�G�L�V�W�U�L�E�X�L�U�D�M�X���V�W�D�Q�R�Y�Q�L�ã�W�Y�X���X���V�Y�U�K�X���Y�R�G�R�R�S�V�N�U�E�H�����Q�X�å�Q�R���L�K���M�H���S�U�H�W�K�R�G�Q�R���S�U�H�U�D�G�L�W�L���S�U�L�P�M�H�Q�R�P��
odgov�D�U�D�M�X�ü�L�K�� �W�H�K�Q�R�O�R�ã�N�L�K�� �S�R�V�W�X�S�D�N�D�� �N�R�M�L�P�D�� �V�H�� �R�Q�H�þ�L�ã�ü�X�M�X�ü�H�� �W�Y�D�U�L�� �X�N�O�D�Q�M�D�M�X�� �L�]�� �Y�R�G�H����
�7�H�K�Q�R�O�R�ã�N�L���S�R�V�W�X�S�F�L���N�R�M�L���V�H���S�U�L���W�R�P�H���S�U�L�P�M�H�Q�M�X�M�X���X�N�O�M�X�þ�X�M�X���D�H�U�L�U�D�Q�M�H���Y�R�G�H�����S�U�H�G�R�N�V�L�G�D�F�L�M�X����
�N�R�D�J�X�O�D�F�L�M�X�� �V�� �I�O�R�N�X�O�D�F�L�M�R�P���� �W�D�O�R�å�H�Q�M�H���� �I�L�O�W�U�L�U�D�Q�M�H���� �Q�L�W�U�L�I�L�N�D�F�L�M�X�� �W�H�� �G�H�]�L�Q�I�H�N�F�L�M�X�� �Y�R�G�H. Voda 
nakon prerade mora odgovarati odredbama Pravilnika o parametrima sukladnosti, 
�P�H�W�R�G�D�P�D���D�Q�D�O�L�]�H�����P�R�Q�L�W�R�U�L�Q�J�X���L���S�O�D�Q�R�Y�L�P�D���V�L�J�X�U�Q�R�V�W�L���Y�R�G�H���]�D���O�M�X�G�V�N�X���S�R�W�U�R�ã�Q�M�X���W�H���Q�D�þ�L�Q�X��
�Y�R�ÿ�H�Q�M�D���U�H�J�L�V�W�U�D���S�U�D�Y�Q�L�K���R�V�R�E�D���N�R�M�H���R�E�D�Y�O�M�D�M�X���G�M�H�O�D�W�Q�R�V�W���M�D�Y�Q�H���Y�R�G�R�R�S�V�N�U�E�H�����1�1��������/17), a 
koji je u suglasju s istovrsnim pravilnicima Europske unije i Zakonom o vodi za ljudsku 
�S�R�W�U�R�ã�Q�M�X�����1�1�����������������������������L���������������������������������� 
Cilj ovog rada je primjenom kemometrijskih metoda analize detektirati i objasniti vezu 
�L�]�P�H�ÿ�X�� �L�]�P�M�H�U�H�Q�L�K�� �Y�U�L�M�H�G�Q�R�V�W�L�� �S�D�U�D�P�H�W�D�U�D�� �N�D�N�Y�R�ü�H�� �Y�R�G�H�� �X�� �Y�H�O�L�N�L�P�� �V�H�W�R�Y�L�P�D�� �S�R�G�D�W�D�N�D����
�3�R�G�]�H�P�Q�H�� �Y�R�G�H�� �X�]�R�U�N�R�Y�D�Q�H�� �V�X�� �Q�D�� ������ �Y�R�G�R�F�U�S�L�O�L�ã�W�X�� �2�V�M�H�þ�N�R-�E�D�U�D�Q�M�V�N�H�� �å�X�S�D�Q�L�M�H�� �X�� �V�N�O�R�S�X��
redovnih analiza i monitoringa kojeg �S�U�R�Y�R�G�L���=�D�Y�R�G���]�D���M�D�Y�Q�R���]�G�U�D�Y�V�W�Y�R���2�V�M�H�þ�N�R-baranjske 
�å�X�S�D�Q�L�M�H���� �1�D�Y�H�G�H�Q�L�P�� �P�R�Q�L�W�R�U�L�Q�J�R�P�� �R�G�U�H�ÿ�H�Q�H�� �V�X�� �Y�U�L�M�H�G�Q�R�V�W�L�� �S�D�U�D�P�H�W�U�D�� �N�D�N�Y�R�ü�H�� �Y�R�G�H�� �]�D��
�O�M�X�G�V�N�X���S�R�W�U�R�ã�Q�M�X�����D���G�R�E�L�Y�H�Q�L���S�R�G�D�F�L���R�E�U�D�ÿ�H�Q�L���G�H�V�N�U�L�S�W�L�Y�Q�L�P���V�W�D�W�L�V�W�L�þ�N�L�P���L���N�H�P�R�P�H�W�U�L�M�V�N�L�P��
metodama analize podataka. Opisana je varijabilnost pojedinih sastojaka i svojstava vode, 
�Q�M�L�K�R�Y�D�� �P�H�ÿ�X�V�R�E�Q�D�� �S�R�Y�H�]�D�Q�R�V�W���� �]�D�Y�L�V�Q�R�V�W�� �L�� �S�U�L�N�O�D�G�Q�R�V�W�� �S�U�L�P�M�H�Q�H�� �N�H�P�R�P�H�W�U�L�M�V�N�L�K�� �P�H�W�R�G�D��
�D�Q�D�O�L�]�H���Q�D���N�R�U�L�ã�W�H�Q�L���V�H�W���S�R�G�D�W�D�N�D�� 
 
Materijali i metode 
 
Uzorkovanje 
 
Uzorci vode, analizirani u Zavodu za javno �]�G�U�D�Y�V�W�Y�R�� �2�V�M�H�þ�N�R-�E�D�U�D�Q�M�V�N�H�� �å�X�S�D�Q�L�M�H����
�X�]�R�U�N�R�Y�D�Q�L���V�X���Q�D���������Y�R�G�R�F�U�S�L�O�L�ã�W�X���2�V�M�H�þ�N�R-�E�D�U�D�Q�M�V�N�H���å�X�S�D�Q�L�M�H�����8�]�R�U�N�R�Y�D�Q�M�H���M�H���S�U�R�Y�H�G�H�Q�R��
�Q�D�� �Q�D�þ�L�Q���G�D�� �V�X�� �X�]�R�U�F�L�� �Y�R�G�H���X�]�H�W�L�� �X�� �S�U�H�W�K�R�G�Q�R���S�U�L�S�U�H�P�O�M�H�Q�H�� �V�W�D�N�O�H�Q�H���E�R�F�H���R�G���������� �L�O�L�� ����������
�P�O���� �8�� �V�Y�U�K�X�� �P�L�N�U�R�E�L�R�O�R�ã�N�L�K�� �D�Q�D�O�L�]�D�� �E�R�F�H�� �V�X �S�U�H�W�K�R�G�Q�R�� �V�W�H�U�L�O�L�]�L�U�D�Q�H���� �D�� �]�D�� �R�G�U�H�ÿ�L�Y�D�Q�M�H��
�E�L�R�N�H�P�L�M�V�N�H�� �S�R�W�U�R�ã�Q�M�H�� �N�L�V�L�N�D�� �L�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �R�W�R�S�O�M�H�Q�R�J�� �N�L�V�L�N�D�� �N�R�U�L�ã�W�H�Q�H�� �V�X�� �E�R�F�H�� �S�R��
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Winkleru. Posude u koje se uzima uzorak potrebno je prije punjenja dva do tri puta isprati 
vodom od koje se uzima uzorak za analizu. Kada se uzorak uzme, bocu je potrebno 
�]�D�W�Y�R�U�L�W�L���S�O�X�W�H�Q�L�P���L�O�L���V�W�D�N�O�H�Q�L�P���þ�H�S�R�P���W�H���R�]�Q�D�þ�L�W�L���V�Y�D�N�X���E�R�F�X���H�W�L�N�H�W�R�P���Q�D���N�R�M�R�M���V�H���Q�D�O�D�]�H��
podaci o vrsti i temperaturi vode, mjestu i temperaturi zraka na mjestu uzorkovanja i 
vremenu uzorkovanja. Ukoliko se voda z�D�K�Y�D�ü�D�� �S�X�P�S�R�P���� �S�U�L�M�H�� �X�]�L�P�D�Q�M�D�� �X�]�R�U�N�D�� �Y�R�G�H��
potrebno je vodu lagano ispumpavati 15-�������P�L�Q�X�W�D���N�D�N�R���E�L���V�H���L�]�E�M�H�J�O�R���]�D�P�X�ü�H�Q�M�H�����.�X�O�H�ã���L��
Habuda-�6�W�D�Q�L�ü���������������� 
 
Analiza uzoraka 
 
�1�D�N�R�Q�� �X�]�R�U�N�R�Y�D�Q�M�D�� �R�G�U�H�ÿ�H�Q�L�� �V�X�� �R�U�J�D�Q�R�O�H�S�W�L�þ�N�L���� �P�L�N�U�R�E�L�R�O�R�ã�N�L�� �L�� �I�L�]�L�N�D�O�Q�R-kemijski 
�S�D�U�D�P�H�W�U�L�� �N�D�N�Y�R�ü�H�� �Y�R�G�H�� �V�X�N�O�D�G�Q�R�� �]�D�N�R�Q�V�N�R�M�� �U�H�J�X�O�D�W�L�Y�H���� �D�� �X�� �F�L�O�M�X�� �X�W�Y�U�ÿ�L�Y�D�Q�M�D�� �]�G�U�D�Y�V�W�Y�H�Q�H��
�L�V�S�U�D�Y�Q�R�V�W�L�� �X�]�H�W�L�K�� �X�]�R�U�D�N�D�� �Y�R�G�H���� �8�� �R�Y�R�P�� �L�V�W�U�D�å�L�Y�D�Q�M�X���� �Q�D�N�R�Q�� �X�]�R�U�N�R�Y�D�Q�M�D���� �R�G�U�H�ÿ�H�Q�H�� �V�X��
�Y�L�M�H�G�Q�R�V�W�L���E�R�M�H�����P�X�W�Q�R�ü�H�����P�L�U�L�V���L���R�N�X�V���Y�R�G�H�����W�H�P�S�H�U�D�W�X�U�D�����S�+���Y�U�L�M�H�G�Q�R�V�W�����H�O�H�N�W�U�R�Y�R�Gljivost, 
�D�O�N�D�O�L�W�H�W���� �X�W�U�R�ã�D�N�� �.�0�Q�24���� �X�N�X�S�Q�D�� �W�Y�U�G�R�ü�D���� �N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �N�O�R�U�D�� fluorida, klorida, nitrata, 
�I�R�V�I�D�W�D���� �V�X�O�I�D�W�D�� �L�� �N�D�W�L�R�Q�D���� �Q�D�W�U�L�M�D���� �N�D�O�L�M�D���� �N�D�O�F�L�M�D���� �P�D�J�Q�H�]�L�M�D���� �D�P�R�Q�L�M�D�N�D�� �L�� �å�H�O�M�H�]�D�� �W�H��
�P�L�N�U�R�E�L�R�O�R�ã�N�L���S�R�N�D�]�D�W�H�O�M�L���N�D�N�Y�R�ü�H���Y�R�G�H�� 
�%�R�M�D�� �Y�R�G�H�� �R�G�U�H�ÿ�H�Q�D�� �M�H�� �V�W�D�Q�G�Drdnom platino-kobaltnom metodom (AWWA, 2017). 
�7�H�P�S�H�U�D�W�X�U�D���Y�R�G�H���R�G�U�H�ÿ�H�Q�D���M�H���X�P�M�H�U�H�Q�L�P���å�L�Y�L�Q�L�P���W�H�U�P�R�P�H�W�U�R�P���]�D���W�H�P�S�H�U�D�W�X�U�Q�R���S�R�G�U�X�þ�M�H��
-5 do +30 �ƒ�&���V���S�R�G�M�H�O�R�P���R�G�����������ƒ�&���L�O�L���X�P�M�H�U�H�Q�L�P���G�L�J�L�W�D�O�Q�L�P���W�H�U�P�R�P�H�W�U�L�P�D�����$�:�:�$����������������
�.�X�O�H�ã���L���+�D�E�X�G�D-�6�W�D�Q�L�ü������������). 
�2�G�U�H�ÿ�L�Y�D�Q�M�H �S�+�� �Y�U�L�M�H�G�Q�R�V�W�L�� �S�U�R�Y�H�G�H�Q�R�� �M�H�� �S�U�H�P�D�� �+�5�1�� �(�1�� �,�6�2�� ���������������������� �S�R�P�R�ü�X�� �S�+��
metra SevenEasy S-20k (Mettler-�7�R�O�H�G�R���� �â�Y�L�F�D�U�V�N�D������ �3�U�L�M�H�� �S�R�þ�H�W�N�D�� �P�M�H�U�H�Q�M�D�� �L�]�U�D�ÿ�H�Q�D�� �M�H��
�N�D�O�L�E�U�D�F�L�M�V�N�D�� �N�U�L�Y�X�O�M�D�� �X�� �W�U�L�� �W�R�þ�N�H�� ���S�+�� � �� ������������ ������������ �������������� �X�S�R�W�U�H�E�R�P�� �F�H�U�W�L�I�L�F�L�U�D�Q�L�K��
standardnih puferskih otopina (Mettler-�7�R�O�H�G�R���� �â�Y�L�F�D�U�V�N�D���� �S�U�L�� �U�H�I�H�U�H�Q�W�Q�R�M�� �W�H�P�S�H�U�D�W�X�U�L�� �R�G�� 
������ �ƒ�&�� ���$�:�:�$���� �������������� �+�5�1�� �(�1�� �,�6�2�� ���������������������������0�X�W�Q�R�ü�D�� �X�]�R�U�D�N�D�� �R�G�U�H�ÿ�H�Q�D�� �M�H��prema 
�+�5�1�� �(�1�� �,�6�2�� �������������������� �W�X�U�E�L�G�L�P�H�W�U�R�P�� �7�8�5�%�� �������� �,�5�� ���:�7�:���� �1�M�H�P�D�þ�N�D������ �3�U�L�M�H�� �S�R�þ�H�W�N�D��
�P�M�H�U�H�Q�M�D���X�U�H�ÿ�D�M���M�H���N�D�O�L�E�U�L�U�D�Q���X���W�U�L���W�R�þ�N�H���V�W�D�Q�G�D�U�G�Q�L�P���F�H�U�W�L�I�L�F�L�U�D�Q�L�P���R�W�R�S�L�Q�D�P�D���R�G���������������������L��
�����������1�7�8�����:�7�:�����1�M�H�P�D�þ�N�D�������0�L�U�L�V���Y�R�G�H���R�G�U�H�ÿ�H�Q���M�H���R�U�J�D�Q�R�O�H�S�W�L�þ�N�L���S�U�L���W�H�P�S�H�U�D�W�X�U�L���������ƒ�&����
�2�G�U�H�ÿ�L�Y�D�Q�M�H���P�L�U�L�V�D���S�U�R�Y�H�G�H�Q�R���M�H���S�R���X�]�L�P�D�Q�M�X���X�]�R�U�N�D�����Q�D�M�N�D�V�Q�L�M�H�������V�D�W�D���Q�D�N�R�Q���X�]�R�U�N�R�Y�D�Q�M�D���X��
laboratoriju pr�L�M�H�� �N�H�P�L�M�V�N�H�� �D�Q�D�O�L�]�H���� �2�N�X�V�� �Y�R�G�H�� �R�G�U�H�ÿ�H�Q�� �M�H�� �R�U�J�D�Q�R�O�H�S�W�L�þ�N�L�� �S�U�L�� �þ�H�P�X�� �X�V�Q�D��
�ã�X�S�O�M�L�Q�D���P�R�U�D���E�L�W�L���S�U�L�S�U�H�P�O�M�H�Q�D�����D���Y�R�G�D���G�H�]�L�Q�I�L�F�L�U�D�Q�D�����.�X�O�H�ã���L���+�D�E�X�G�D-�6�W�D�Q�L�ü���������������� 
�(�O�H�N�W�U�L�þ�Q�D�� �Y�R�G�O�M�L�Y�R�V�W�� �M�H�� �R�G�U�H�ÿ�H�Q�D prema HRN EN 27888:2008 konduktometrom Mettler-
�7�R�O�H�G�R���6�H�Y�H�Q�(�D�V�\���6�������V���W�H�P�S�H�U�D�W�X�U�Q�R�P���N�R�P�S�H�Q�]�D�F�L�M�R�P�����8�U�H�ÿ�D�M���M�H���N�D�O�L�E�U�L�U�D�Q���N�R�U�L�ã�W�H�Q�M�H�P��
�V�W�D�Q�G�D�U�G�Q�H�� �F�H�U�W�L�I�L�F�L�U�D�Q�H�� �R�W�R�S�L�Q�H�� �R�G�� ���������� �—�6���F�P�� ���0�H�W�W�O�H�U-�7�R�O�H�G�R���� �â�Y�L�F�D�U�V�N�D������Alkalitet 
opisuje �V�D�G�U�å�D�M�� �N�D�U�E�R�Q�D�W�D���� �E�L�N�D�U�E�R�Q�D�W�D �L�� �K�L�G�U�R�N�V�L�G�D���� �D�� �R�G�U�H�ÿ�H�Q�� �M�H�� �S�U�H�P�D�� �Q�R�U�P�L�� �+�5�1�� �(�1��
ISO 9963-1:1998, kojom se opisuje titracijska neutralizacija s kiselinom uz indikator 
fenolftalein i metil-�R�U�D�Q�å���� �8�W�U�R�ã�D�N��KMnO4 �S�R�N�D�]�D�W�H�O�M�� �M�H�� �V�D�G�U�å�D�M�D�� �R�U�J�D�Q�V�N�H�� �W�Y�D�U�L�� �X�� �Y�R�G�L����
Otopina kalijevog permanganata se z�D�J�U�L�M�D�Y�D�� �X�� �N�L�V�H�O�R�P�� �P�H�G�L�M�X�� �S�U�L�� �þ�H�P�X�� �G�R�O�D�]�L�� �G�R��
�R�N�V�L�G�D�F�L�M�H�� �L�� �X�W�U�R�ã�N�D�� �.�0�Q�24 �R�Y�L�V�Q�R�� �R�� �N�R�O�L�þ�L�Q�L�� �L�� �V�W�U�X�N�W�X�U�L�� �R�U�J�D�Q�V�N�H�� �W�Y�D�U�L�� �X�� �X�]�R�U�N�X�� �Y�R�G�H��
���.�X�O�H�ã���L���+�D�E�X�G�D-�6�W�D�Q�L�ü���������������� 
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�0�H�W�R�G�R�P���L�R�Q�V�N�H���N�U�R�P�D�W�R�J�U�D�I�L�M�D���R�G�U�H�ÿ�H�Q�H���V�X���N�R�Q�F�H�W�U�D�F�L�M�H aniona (fluoridi, kloridi, nitrati, 
nitriti, fosfati i sulfati) i kationa (natrij, kalij, kalcij, magnezij i amonijak) prema metodi 
HRN EN ISO 10304-1:2009 (anioni) i HRN EN ISO 14911:2001 (kationi). Koncentracije 
�Q�D�Y�H�G�H�Q�L�K�� �S�D�U�D�P�H�W�D�U�D�� �R�G�U�H�ÿ�H�Q�H�� �V�X�� �S�R�P�R�ü�X�� �X�U�H�ÿ�D�M�D�� �,�&�6-3000 (Dionex, SAD). Ukupna 
tv�U�G�R�ü�D���P�M�H�U�D�� �M�H�� �R�W�R�S�O�M�H�Q�R�J�� �N�D�O�F�L�M�D�� �L�� �P�D�J�Q�H�]�L�M�D�� �X�� �Y�R�G�L���� �D�� �R�G�U�H�ÿ�H�Q�D�� �M�H�� �U�D�þ�X�Q�V�N�L�� �L�]��
koncentracija kalcija i magnezija svakog pojedinog uzorka prema SM 2340 B (AWWA, 
���������������.�R�Q�F�H�Q�W�U�D�F�L�M�H���å�H�O�M�H�]�D�����P�D�Q�J�D�Q�D���L���D�U�V�H�Q�D���X���X�]�R�U�F�L�P�D���Y�R�G�H���R�G�U�H�ÿ�H�Q�H���V�X���Q�R�U�P�L�U�D�Q�L�P��
metodama DIN 38406-���������]�D���å�H�O�M�H�]�R�������'�,�1������������-33 (za mangan) i HRN EN ISO 15586 
���]�D���D�U�V�H�Q�����L���S�R�P�R�ü�X���X�U�H�ÿ�D�M�D���$�Dnalist 800 (Perkin Elmer, SAD). 
�0�L�N�U�R�E�L�R�O�R�ã�N�D�� �D�Q�D�O�L�]�D�� �S�U�L�N�X�S�O�M�H�Q�L�K�� �X�]�R�U�D�N�D�� �Y�R�G�H�� �S�U�R�Y�H�G�H�Q�D�� �M�H�� �N�D�N�R�� �V�O�L�M�H�G�L���� �X�N�X�S�Q�L��
koliformi i Escherichia coli �R�G�U�H�ÿ�H�Q�L�� �V�X��metodom HRN EN ISO 9308-1: 2000/1: 2008, 
�E�U�R�M�� �N�R�O�R�Q�L�M�D�� �Q�D�� ������ �ƒ�&�� �L�� ������ �ƒ�&�� �R�G�U�H�ÿ�H�Q�� �M�H�� �P�H�W�R�G�R�P�� �+�5�1�� �(�1�� �,�6�2�� ������������ ������������ �G�R�N�� �V�X��
�H�Q�W�H�U�R�N�R�N�L�� �R�G�U�H�ÿ�H�Q�L�� �P�H�W�R�G�R�P�� �+�5�1�� �(�1�� �,�6�2�� ��������-2: 2000. Clostridium perfringeri 
�R�G�U�H�ÿ�H�Q���M�H���X���X�]�R�U�F�L�P�D���Y�R�G�H���S�U�H�P�D���P�H�W�R�G�L��HRN EN ISO 14189:2016. 
 
�6�W�D�W�L�V�W�L�þ�N�D���R�E�U�D�G�D���S�R�G�D�W�D�N�D 
 
�5�H�]�X�O�W�D�W�L�� �D�Q�D�O�L�]�D�� �X�]�R�U�D�N�D�� �Y�R�G�H�� �V�� �Y�R�G�R�F�U�S�L�O�L�ã�W�D�� �2�V�M�H�þ�N�R-�E�D�U�D�Q�M�V�N�H�� �å�X�S�D�Q�L�M�H�� �R�G�U�D�ÿ�H�Q�L�� �V�X����
�J�U�X�S�L�U�D�Q�L�� �L�� �D�Q�D�O�L�]�L�U�D�Q�L�� �G�H�V�N�U�L�S�W�L�Y�Q�L�P�� �V�W�D�W�L�V�W�L�þ�N�L�P�� �P�H�W�R�G�D�P�D���� �$�U�L�W�P�H�W�L�þ�N�D�� �V�U�H�G�L�Q�D�� �M�H��
�Q�X�P�H�U�L�þ�N�D�� �N�D�U�D�N�W�H�U�L�V�W�L�N�D�� �N�R�M�D�� �S�U�L�S�D�G�D�� �P�M�H�U�Q�L�P��centralnim tendencijama, a prikazuje 
�V�U�H�G�Q�M�X�� �Y�U�L�M�H�G�Q�R�V�W�� �S�R�G�D�W�D�N�D�� ���%�H�Q�ã�L�ü�� �L�� �â�X�Y�D�N���� �������������� �$�U�L�W�P�H�W�L�þ�N�D�� �V�U�H�G�L�Q�D�� �R�G�U�H�ÿ�H�Q�D�� �M�H��
izrazom (1): 
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�9�D�U�L�M�D�Q�F�D�� �L�� �V�W�D�Q�G�D�U�G�Q�D�� �G�H�Y�L�M�D�F�L�M�D�� �S�U�L�N�D�]�X�M�X�� �P�M�H�U�X�� �U�D�V�S�U�ã�H�Q�R�V�W�L�� �S�R�G�D�W�D�N�D�� �R�N�R�� �D�U�L�W�P�H�W�L�þ�N�H��
sredine. Varijanca niza izmjerenih vrijednosti x1, x2, ... , xn  �Y�D�U�L�M�D�E�O�H�� �;�� �U�D�þ�X�Q�D�� �V�H�� �S�U�H�P�D��
izrazu (2), a standardna devijacija izrazom (3): 
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Korigirana standardna devijacija uzorka za procjenu standardne devijacije grupe podataka 
�L�]�U�D�þ�X�Q�D�Y�D���V�H���M�H�G�Q�D�G�å�E�R�P���������� 
 

s = 
§
�:�ë�-�?�ë�§�;�.���������>���:�ë�.�����?���ë�§�;�. ���>���®���>���:�ë�Ù���?���ë�§�;�. ��

�á���?���5
   (4) 

 



8th International Conference WATER FOR ALL 
21-22 March 2019 
Osijek, Croatia 

Zbornik radova  / Proceedings 
Voda i zdravlje / Water and health 

 

156 

Koeficijent varijabilnosti je odstupanje od minimalne i maksimalne vrijednosti u skupu 
podataka od srednje vrijednosti k�R�M�L���V�H���R�G�U�H�ÿ�X�M�H���M�H�G�Q�D�G�å�E�R�P�������������D���L�]�U�D�å�D�Y�D���V�H���S�R�V�W�R�F�L�P�D��
(%) (Kurtanjek et al., 2003; Mathias, 2007): 
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�.�R�H�I�L�F�L�M�H�Q�W�� �N�R�U�H�O�D�F�L�M�H�� �M�H�� �Q�X�P�H�U�L�þ�N�D�� �N�D�U�D�N�W�H�U�L�V�W�L�N�D�� �N�R�M�R�P�� �V�H�� �L�]�U�D�å�D�Y�D�� �]�D�Y�L�V�Q�R�V�W�L�� �P�H�ÿ�X��
komponentama dvodimenzionalnog skupa, a �U�D�þ�X�Q�D���V�H���M�H�G�Q�D�G�å�E�R�P���������� 
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gdje je: 
�—��� ���(�;�����Y��� ���(�<�����1x 
L �¾�8�=�N�:�����1Y 
L �¾�8�=�N�;. 

 
 
�8�N�R�O�L�N�R�� �M�H�� �!XY � �� ���� �V�O�X�þ�D�M�Q�H�� �Y�D�U�L�M�D�E�O�H��X i Y nekoreliraju, a ako je vrijednost koeficijenta 
korelacije 1 ili -1 tada su linearno poveza�Q�H�����%�H�Q�ã�L�ü���L���â�X�Y�D�N���������������� 
 
 
Kemometrijske metode analize 
 
�.�H�P�R�P�H�W�U�L�M�D�� �M�H�� �N�H�P�L�M�V�N�D�� �G�L�V�F�L�S�O�L�Q�D�� �N�R�M�D�� �P�D�W�H�P�D�W�L�þ�N�L�P�� �L�� �V�W�D�W�L�V�W�L�þ�N�L�P�� �P�H�W�R�G�D�P�D�� �R�E�O�L�N�X�M�H��
�L�O�L�� �R�G�D�E�L�U�H�� �R�S�W�L�P�D�O�D�Q�� �P�M�H�U�L�W�H�O�M�V�N�L�� �S�R�V�W�X�S�D�N�� ���H�N�V�S�H�U�L�P�H�Q�W���� �W�H�� �R�P�R�J�X�ü�X�M�H�� �G�R�E�L�Y�D�Q�M�H��
maksimalnog broja informacija �D�Q�D�O�L�]�R�P�� �ã�W�R�� �P�D�Q�M�H�J�� �E�U�R�M�D�� �S�R�G�D�W�D�N�D�� �L�]�� �F�M�H�O�R�N�X�S�Q�R�J�� �V�H�W�D��
podataka (Mathias, 2007; Petersen, 2007). 
�.�H�P�R�P�H�W�U�L�M�D�� �V�H�� �Q�D�M�þ�H�ã�ü�H�� �N�R�U�L�V�W�L�� �X�� �D�Q�D�O�L�]�L�� �V�N�X�S�D�� �S�R�G�D�W�D�N�D�� �L�� �S�U�H�S�R�]�Q�D�Y�D�Q�M�X�� �P�D�W�H�P�D�W�L�þ�N�L�K��
�P�R�G�H�O�D���� �D�� �S�U�L�P�M�H�Q�M�X�M�H�� �V�H�� �S�U�L�� �X�P�M�H�U�D�Y�D�Q�M�X�� �Y�H�O�L�N�R�J�� �E�U�R�M�D�� �V�O�X�þ�D�M�Q�L�K�� �Y�D�U�L�M�D�E�Oi te pri kontroli 
�N�Y�D�O�L�W�H�W�H�� �L�� �S�U�D�ü�H�Q�M�X�� �S�U�R�F�H�V�D�� �S�U�R�L�]�Y�R�G�Q�M�H�� ���:�R�O�G�� �L�� �6�M�|�V�W�U�|�P���� �������������� �3�U�L�� �R�E�U�D�G�L�� �S�R�G�D�W�D�N�D�� �X��
�R�Y�R�P�� �U�D�G�X�� �N�R�U�L�ã�W�H�Q�H�� �V�X�� �G�Y�L�M�H�� �N�H�P�R�P�H�W�U�L�M�V�N�H�� �W�H�K�Q�L�N�H���� �D�Q�D�O�L�]�D�� �J�O�D�Y�Q�L�K�� �N�R�P�S�R�Q�H�Q�D�W�D�� ���H�Q�J����
Principal Component Analysis, PCA) i klasterska analiza (eng. Cluster Analysis, CA). 
�$�Q�D�O�L�]�D�� �J�O�D�Y�Q�L�K�� �N�R�P�S�R�Q�H�Q�W�L�� �V�H�� �S�U�L�P�M�H�Q�M�X�M�H�� �S�U�L�� �R�E�U�D�G�L�� �S�R�G�D�W�D�N�D�� �V�� �Y�L�ã�H�� �Y�D�U�L�M�D�E�O�L�� �X�� �F�L�O�M�X��
�D�Q�D�O�L�]�H�� �N�R�U�H�O�D�F�L�M�D�� �X�Q�X�W�D�U�� �M�H�G�Q�R�J�� �V�N�X�S�D�� �Y�D�U�L�M�D�E�O�L���� �S�R�V�O�M�H�G�L�þ�Q�H�� �U�H�G�X�N�F�L�M�H�� �G�L�P�H�Q�]�L�R�Q�D�O�Q�R�V�W�L��
�S�U�R�V�W�R�U�D�� �W�H�� �X�W�Y�U�ÿ�L�Y�D�Q�M�D�� �Y�D�U�L�M�D�E�L�O�Q�R�V�W�L�� �X�� �D�Q�D�O�L�]�L�U�D�Q�R�P�� �V�H�W�X���S�R�G�D�W�D�N�D�� �S�R�P�R�ü�X�� �ã�W�R�� �P�D�Q�M�H�J��
broja varijabli (Miller i Miller, 2000). Svojstvene varijable su varijance glavnih 
komponenti. Svakom komponentom cilj je izdvojiti maksimalnu varijancu iz seta 
podataka. Kumulativna varijanca koju opisuju svojstvene varijable iznosi 100 %, a za 
�V�W�D�W�L�V�W�L�þ�N�L�� �]�Q�D�þ�D�M�D�Q�� �R�S�L�V�� �Y�D�U�L�M�D�E�L�O�Q�R�V�W�L�� �S�R�G�D�W�D�N�D�� �U�D�]�P�D�W�U�D�M�X�� �V�H�� �Y�D�U�L�M�D�E�O�H�� �þ�L�M�D�� �N�X�P�X�O�D�W�L�Y�Q�D��
varijanca iznosi 95 ������ �3�U�Y�R�P�� �J�O�D�Y�Q�R�P�� �N�R�P�S�R�Q�H�Q�W�R�P�� �R�E�M�D�ã�Q�M�H�Q�� �M�H�� �Q�D�M�Y�H�ü�L�� �S�R�V�W�R�W�D�N��
�X�N�X�S�Q�H�� �Y�D�U�L�M�D�Q�F�H���� �D�� �S�R�V�O�M�H�G�Q�M�R�P�� �N�R�P�S�R�Q�H�Q�W�R�P�� �Q�D�M�P�D�Q�M�L���� �3�R�P�R�ü�X�� �J�O�D�Y�Q�L�K�� �N�R�P�S�R�Q�H�Q�W�L��
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�G�R�E�L�M�H���V�H���P�D�W�H�P�D�W�L�þ�N�L���M�H�G�L�Q�V�W�Y�H�Q�R���U�M�H�ã�H�Q�M�H���N�R�M�H���W�R�þ�Q�R���U�H�S�U�R�G�X�F�L�U�D���S�U�R�P�D�W�U�D�Q�X���N�R�U�H�O�D�F�L�M�V�N�X��
�P�D�W�U�L�F�X�� �X�N�R�O�L�N�R�� �V�H�� �]�D�G�U�å�H�� �Vve komponente, a ukoliko su komponente ortogonalne, 
�Q�M�L�K�R�Y�R�P���X�S�R�W�U�H�E�R�P���]�Q�D�W�Q�R���V�H���R�O�D�N�ã�D���W�X�P�D�þ�H�Q�M�H���U�H�]�X�O�W�D�W�D����Mathias, 2007). 
Klasterska analiza �N�O�D�V�L�I�L�F�L�U�D���R�E�M�H�N�W�H���X���V�N�X�S�L�Q�H���Q�D���Q�D�þ�L�Q���G�D���M�H���V�Y�D�N�D���V�N�X�S�L�Q�D���K�R�P�R�J�H�Q�D�����V��
�R�E�]�L�U�R�P�� �Q�D�� �R�G�U�H�ÿ�H�Q�H�� �Y�D�U�L�M�D�E�O�H�� �W�H�� �U�D�]�O�L�þ�L�W�D�� �R�G�� �G�U�X�J�H�� �V�� �R�E�]�L�U�R�P�� �Q�D�� �W�H�� �L�V�W�H�� �Y�D�U�L�M�D�E�O�H����
�3�U�L�P�M�H�Q�R�P���R�Y�H���P�H�W�R�G�H�����S�R�G�D�W�F�L���V�H���J�U�X�S�L�U�D�M�X���X���N�O�D�V�W�H�U�H���S�U�L���þ�H�P�X���V�X���P�H�ÿ�X�V�R�E�Q�R���Q�D�M�V�O�L�þ�Q�L�M�L��
objekti grup�L�U�D�Q�L�� �X�� �L�V�W�L�� �N�O�D�V�W�H�U���� �&�L�O�M�� �N�O�D�V�W�H�U�V�N�H�� �D�Q�D�O�L�]�H�� �M�H�� �X�W�Y�U�ÿ�L�Y�D�Q�M�H�� �K�R�P�R�J�H�Q�L�K�� �J�U�X�S�D�� �L�O�L��
�N�O�D�V�W�H�U�D���þ�L�M�H���Y�D�U�L�M�D�E�O�H���S�R�Y�H�]�X�M�H���R�G�U�H�ÿ�H�Q�D���V�O�L�þ�Q�R�V�W�����%�H�Q�ã�L�ü���L���â�X�Y�D�N���������������� 
 
Rezultati i rasprava 
 
�'�H�V�N�U�L�S�W�L�Y�Q�R�P�� �V�W�D�W�L�V�W�L�þ�N�R�P�� �D�Q�D�O�L�]�R�P�� �L�]�P�M�H�U�H�Q�L�K�� �Y�U�L�M�H�G�Q�R�V�W�L�� �S�R�N�D�]�D�W�H�O�M�D�� �N�D�N�Y�R�üe vode 
�R�G�U�H�ÿ�H�Q�H�� �V�X�� �V�U�H�G�Q�M�H�� �Y�U�L�M�H�G�Q�R�V�W�L���� �V�W�D�Q�G�D�U�G�Q�H�� �G�H�Y�L�M�D�F�L�M�H�� �L�� �N�R�H�I�L�F�L�M�H�Q�W�L�� �Y�D�U�L�M�D�E�L�O�Q�R�V�W�L�� �]�D��
�D�Q�D�O�L�]�L�U�D�Q�H�� �X�]�R�U�N�H�� �S�R�G�]�H�P�Q�L�K�� �Y�R�G�D�� �Y�R�G�R�F�U�S�L�O�L�ã�W�D���2�V�M�H�þ�N�R-�E�D�U�D�Q�M�V�N�H�� �å�X�S�D�Q�L�M�H���� �D���G�R�E�L�Y�H�Q�H��
vrijednosti prikazane su u Tablici 1���� �3�U�R�V�M�H�þ�Q�D�� �W�H�P�S�H�U�D�W�X�U�D�� �S�R�G�]�H�P�Q�H�� �Y�R�G�H��ispitanih 
�Y�R�G�R�F�U�S�L�O�L�ã�W�D�� �L�]�Q�R�V�L�� ������������ �ƒ�&��uz varijabilnost od 8,638 ������ �D�� �V�� �S�R�X�]�G�D�Q�R�ã�ü�X�� �R�G�� ���� % 
mogu se relevantnima smatrati sve izmjerene vrijednosti temperature vode u rasponu od 
12,988 do 14,051 �ž�&���� �2�V�W�D�O�H�� �Y�U�L�M�H�G�Q�R�V�W�L�� �W�H�P�S�H�U�D�W�X�U�H�� �]�Q�D�þ�D�M�Q�L�M�H�� �R�G�V�W�X�S�D�M�X�� �R�G��srednje 
�Y�U�L�M�H�G�Q�R�V�W�L�� �L�� �S�R�Y�H�ü�D�Y�D�M�X�� �Y�D�U�L�M�D�E�L�O�Q�R�V�W�� �V�N�X�S�D�� �L�]�P�M�H�U�H�Q�L�K�� �S�R�G�D�W�D�N�D���� �8�N�X�S�Q�D�� �Y�D�U�L�M�D�E�L�O�Q�R�V�W��
�L�]�P�M�H�U�H�Q�L�K�� �Y�U�L�M�H�G�Q�R�V�W�L�� �W�H�P�S�H�U�D�W�X�U�H�� �Y�R�G�H�� �M�H�� �]�Q�D�þ�D�M�Q�R�� �L�V�S�R�G�� ���� ������ �ã�W�R�� �W�H�P�S�H�U�D�W�X�U�X�� �Y�R�G�H��
�L�V�S�L�W�D�Q�L�K�� �Y�R�G�R�F�U�S�L�O�L�ã�W�D�� �þ�L�Q�L�� �S�U�L�O�L�þ�Q�R�� �K�R�P�R�J�H�Q�L�P�� �V�N�X�S�R�P�� �S�R�G�D�W�D�N�D���� �=�D�� �U�D�]�O�L�N�X�� analizom 
�R�G�U�H�ÿ�H�Q�H�� �Y�U�L�M�H�G�Q�R�V�W�L�� �P�X�W�Q�R�ü�H�� �L�� �P�L�U�L�V�D�� �X�]�S�U�D�N�D�� �Y�R�G�H���� �]�Q�D�þ�D�M�Q�R�� �R�G�V�W�X�S�D�M�X�� �ã�W�R�� �L�K�� �þ�L�Q�L��
�Q�H�S�R�X�]�G�D�Q�L�P�� �S�U�H�G�L�N�W�R�U�L�P�D�� �]�D�� �L�]�U�D�þ�X�Q�� �R�V�W�D�O�L�K�� �Y�U�L�M�H�G�Q�R�V�W�L�� �L�� �G�R�Q�R�ã�H�Q�M�H�� �U�H�O�H�Y�D�Q�W�Q�L�K��
�]�D�N�O�M�X�þ�D�N�D���R���R�V�W�D�O�L�P���P�M�H�U�H�Q�L�P���Y�H�O�L�þ�L�Q�D�P�D�� 
Srednja vrijednost pH vrijednost uzoraka �Y�R�G�H���V���������Y�R�G�R�F�U�S�L�O�L�ã�W�D���E�L�O�D���M�H���������������X�]���X�N�X�S�Q�X��
�Y�D�U�L�M�D�E�L�O�Q�R�V�W�� �R�G�� ������������ ������ �W�H�� �P�R�å�H�P�R�� �]�D�N�O�M�X�þ�L�W�L�� �G�D�� �S�+�� �Y�U�L�M�H�G�Q�R�V�W�L�� �X�]�R�U�D�N�D�� �Y�R�G�H�� �V��
�Y�R�G�R�F�U�S�L�O�L�ã�W�L�P�D�� �þ�L�Q�L�� �K�R�P�R�J�H�Q�� �V�N�X�S�� �S�R�G�D�W�D�N�D���� �.�R�Q�F�H�Q�W�U�D�F�L�M�H�� �V�X�P�S�R�U�R�Y�R�G�L�N�D�� �V��
�Y�D�U�L�M�D�E�L�O�Q�R�ã�ü�X���������������������N�D�R���L���N�R�Q�F�H�Q�W�U�D�F�L�M�H���D�Q�L�R�Q�V�N�L�K���W�H�Q�]�L�G�D���V���Y�D�U�L�M�D�E�L�O�Q�R�ã�ü�X���R�G��������������������
�W�D�N�R�ÿ�H�U���S�R�N�D�]�X�M�X���K�R�P�R�J�H�Q�R�V�W���V�N�X�S�D���S�R�G�D�W�D�N�D���E�X�G�X�ü�L���G�D���L�P���M�H���X�N�X�S�Q�D���Y�D�U�L�M�D�E�L�O�Q�R�V�W���]�Q�D�W�Q�R��
manja od 10 %. 
�.�R�H�I�L�F�L�M�H�Q�W�L���Y�D�U�L�M�D�E�L�O�Q�R�V�W�L���R�V�W�D�O�L�K���V�Y�R�M�V�W�D�Y�D���L�P�D�M�X���Y�U�L�M�H�G�Q�R�V�W�L���]�Q�D�W�Q�R���Y�H�ü�H���R�G�������������N�D�R���Q�S�U����
�X�W�U�R�ã�D�N�� �N�D�O�L�M�H�Y�D�� �S�H�U�P�D�Q�Janata koji ima koeficijent varijabilnosti 305,251 %, ukupni 
koliformi s koeficijentom varijabilnosti 320,974 %, E. coli s koeficijentom varijabilnosti 
318,523 %, Clostridium Perfringens s koeficijentom varijabilnosti 376,665 % itd. Uslijed 
navedenog, param�H�W�U�L�� �þ�L�M�L�� �M�H�� �N�R�H�I�L�F�L�M�H�Q�W�� �Y�D�U�L�M�D�E�L�O�Q�R�V�W�L�� �Y�H�ü�L�� �R�G�� ���� % smatrani su 
�Q�H�S�R�X�]�G�D�Q�L�Q�� �S�U�H�G�L�N�W�R�U�L�P�D�� �]�D�� �L�]�U�D�þ�X�Q�D�Y�D�Q�M�H�� �R�V�W�D�O�L�K�� �Y�U�L�M�H�G�Q�R�V�W�L�� �L�� �G�R�Q�R�ã�H�Q�M�H�� �U�H�O�H�Y�D�Q�W�Q�L�K��
�]�D�N�O�M�X�þ�D�N�D���R���R�V�W�D�O�L�P���Y�H�O�L�þ�L�Q�D�P�D�� 
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Tablica 1. �'�H�V�N�U�L�S�W�L�Y�Q�D�� �V�W�D�W�L�V�W�L�þ�N�D�� �D�Q�D�O�L�]�D�� �L�]�P�M�H�U�H�Q�L�K�� �Y�U�L�M�H�G�Q�R�V�W�L�� �S�D�U�D�P�H�W�D�U�D�� �N�D�N�Y�R�ü�H�� �Y�R�G�H�� �V�� ������
�Y�R�G�R�F�U�S�L�O�L�ã�W�D���X���2�V�M�H�þ�N�R-�E�D�U�D�Q�M�V�N�R�M���å�X�S�D�Q�L�M�L 
Table 1. Descriptive statistic analysis of measured water quality parameters in samples taken from 

21 water-fields at Osijek-Baranja County 
 

Parametar 
Valid  

N Mean 
Conf.  

-95,000% 
Conf.  

95,000% Min. Max. Std.Dev. 
Conf. SD �± 
95,000% 

Conf. SD 
+95,000% 

Coef. 
Var. 

T (�|C ) 21 13,519 12,988 14,051 10,525 15,050 1,168 0,893 1,686 8,638 
�0�X�W�Q�R�ü�D�����1�7�8�� 21 7,942 3,665 12,218 1,115 34,120 9,395 7,188 13,568 118,308 
Miris 21 0,143 -0,020 0,306 0,000 1,000 0,359 0,274 0,518 250,998 
pH 21 7,401 7,269 7,534 6,690 8,035 0,291 0,223 0,421 3,935 
El. vod. ���—�6���F�P�� 21 658,690 560,528 756,853 304,250 1031,750 215,649 164,985 311,413 32,739 
�8�W�U�R�ã�D�N���.�0�Q�2�•  
(mg/L O2) 

21 5,450 -2,123 13,023 0,695 77,920 16,636 12,728 24,024 305,251 

H�•S (mg/L H2S) 21 0,019 0,019 0,020 0,019 0,024 0,001 0,001 0,002 6,786 
NH�•�† (mg/L NH4

+) 21 0,546 0,261 0,832 0,075 2,100 0,628 0,480 0,906 114,877 
NO�•�‡ (mg/L NO2

-) 21 0,034 0,032 0,035 0,027 0,042 0,003 0,003 0,005 10,120 
NO�Ž�‡ (mg/L NO3

-) 21 5,425 2,896 7,954 2,900 25,750 5,556 4,251 8,023 102,416 
HCO�Ž�‡  
(mg/L HCO3

-) 
21 443,036 375,266 510,806 180,500 605,250 148,882 113,903 214,996 33,605 

F�‡ (�—�J���/���)-) 21 172,930 132,460 213,399 51,500 410,000 88,906 68,018 128,386 51,412 
Ca�•�† (mg/L Ca2

+) 21 72,298 58,253 86,342 26,500 126,500 30,853 23,605 44,554 42,675 
K�† (mg/L K+) 21 1,538 1,122 1,954 0,601 3,800 0,914 0,699 1,320 59,435 
Na�† (mg/L Na+) 21 43,094 24,805 61,383 8,300 148,000 40,178 30,738 58,019 93,232 
Mg�•�† (mg/L Mg2+) 21 24,081 18,940 29,223 9,408 45,500 11,295 8,642 16,311 46,905 
PO�•�‡ (mg/L P) 21 76,774 41,568 111,980 23,500 364,500 77,343 59,172 111,688 100,741 
SiO�• (mg/L SiO2) 21 15,052 12,303 17,800 4,345 24,900 6,038 4,619 8,719 40,114 
Cl�‡ (mg/L Cl-) 21 9,600 4,229 14,971 3,050 53,750 11,800 9,028 17,041 122,920 
SO�•�ð�‡  
(mg/L SO�•�ð�‡) 

21 11,762 7,502 16,022 4,500 31,500 9,358 7,160 13,514 79,563 

As ���—�J���/�� 21 35,026 12,368 57,684 0,405 188,900 49,777 38,082 71,881 142,114 
Fe ���—�J���/�� 21 989,623 477,797 1501,449 24,250 4214,750 1124,411 860,241 1623,728 113,620 
Mn ���—�J���/�� 21 103,967 59,645 148,289 8,333 401,150 97,370 74,494 140,609 93,655 
An. Ten ���—�J���/�� 21 49,310 48,664 49,955 49,000 55,500 1,418 1,085 2,048 2,877 
Dikloretan ���—�J���/�� 21 0,034 0,007 0,061 0,019 0,290 0,059 0,045 0,085 172,037 
Trikloreten ���—�J���/�� 21 0,022 0,003 0,040 0,009 0,157 0,041 0,031 0,059 186,289 
Tetrakloreten  
���—�J���/�� 

21 0,018 0,005 0,031 0,009 0,129 0,029 0,022 0,042 164,056 

Tetrakloreten  
���—�J���/�� 

21 0,018 0,005 0,031 0,009 0,129 0,029 0,022 0,042 164,056 

Uk. kolif.  
(n/100 mL) 

21 11,738 -5,412 28,888 0,000 169,000 37,676 28,825 54,407 320,974 

E. coli (n/100 mL) 21 4,262 -1,917 10,441 0,000 60,000 13,575 10,386 19,603 318,523 
UB-�����ƒ�&�������K�� 
(cfu/1 mL) 

21 24,060 -5,649 53,768 0,000 267,500 65,265 49,932 94,248 271,266 

UB-�����ƒ�&�������K�� 
(cfu/1 mL) 

21 82,167 -25,874 190,207 0,000 1085,000 237,350 181,587 342,750 288,865 

Enterokoki  
(cfu/100mL) 

21 5,536 -1,196 12,268 0,000 51,500 14,789 11,314 21,356 267,156 

Ps. Aerug.  
(cfu/100mL) 

21 4,333 -0,632 9,298 0,000 36,750 10,907 8,345 15,751 251,702 

Cl. Perfr.  
(cfu/100mL) 

21 2,095 -1,497 5,688 0,000 36,250 7,892 6,038 11,397 376,665 

 
 
Slike 1 i 2 prikazuju raspodjelu vrijednosti izmjerenih podataka u prve dvije faktorske 
ravnine koje zajedno opisuju 44,60 % ukupne varijance. Mjerena svojstva prikazana na 
Slici 1 �N�R�M�D���V�X�� �X�G�D�O�M�H�Q�L�M�D�� �R�G���L�V�K�R�G�L�ã�W�D�� �]�Q�D�þ�D�M�Q�L�M�H���G�R�S�U�L�Q�R�V�H���Y�D�U�L�M�D�E�L�O�Q�R�V�W�L���V�N�X�S�D���S�R�G�D�W�D�N�D����
Svojstva koja su grupira�Q�D�� �X�� �O�L�M�H�Y�R�P�� �G�R�Q�M�H�P�� �G�L�M�H�O�X�� �J�U�D�I�D�� �M�H�G�Q�D�N�R�� �V�H�� �P�L�M�H�Q�M�D�M�X�� �ã�W�R�� �V�H��
�S�R�Y�H�]�X�M�H���V�� �L�V�W�R�Y�U�H�P�H�Q�R�P�� �S�R�M�D�Y�R�P�� �P�L�N�U�R�E�L�R�O�R�ã�N�R�J�� �R�Q�H�þ�L�ã�ü�H�Q�M�D���� �,�S�D�N���� �X�W�Y�U�ÿ�H�Q�D���N�R�U�H�O�D�F�L�M�D��
�Q�H�� �]�Q�D�þ�L�� �L�� �N�R�U�H�O�D�F�L�M�X�� �S�R�M�D�Y�Q�R�V�W�L�� �L�� �E�U�R�M�Q�R�V�W�L�� �S�R�M�H�G�L�Q�L�K�� �P�L�N�U�R�R�U�J�D�Q�L�]�D�P�D�� �Y�H�ü�� �X�N�D�]�X�M�H�� �Q�D��
njihovu istovremenu pojavnost u vodi. Navedena pojavnost opisuje i parametare prikazane 
u desnom donjem dijelu grafa. Kada raste vrijednost jednoga parametra, raste vrijednost i 
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ostalih jer su u pozitivnoj korelaciji. Mjerena svojstva koja su na faktorskoj ravnini 
udaljenija od �L�V�K�R�G�L�ã�W�D���]�Q�D�þ�D�M�Q�L�M�H���G�R�S�U�L�Q�R�V�H���Y�D�U�L�M�D�E�L�O�Q�R�V�W�L���V�N�X�S�D���S�R�G�D�W�D�N�D�� 
 

 
 

Slika 1. Raspodjela parametara s pozitivnom korelacijom u faktorske ravnine 
Figure 1. Distribution of parameters with positive correlation into factor planes 

 
 
 
Slika 2 �S�U�L�N�D�]�X�M�H�� �M�H�� �J�U�X�S�L�U�D�Q�M�H�� �V�H�W�R�Y�D�� �L�]�P�M�H�U�H�Q�L�K�� �S�R�G�D�W�D�N�D�� �R�� �N�D�N�Y�R�ü�L�� �Y�R�G�H�� �Y�R�G�R�F�U�S�L�O�L�ã�W�D��
�2�V�M�H�þ�N�R-�E�D�U�D�Q�M�V�N�H���å�X�S�D�Q�L�M�H�����â�W�R���M�H���U�H�G�Q�L���E�U�R�M���Y�R�G�R�F�U�S�L�O�L�ã�W�D���X�G�D�O�M�H�Q�L�M�L���R�G���L�V�K�R�G�L�ã�W�D���J�U�D�I�D�����W�R��
�P�M�H�U�H�Q�L���S�R�G�D�F�L���Y�L�ã�H���R�G�V�W�X�S�D�M�X���R�G���S�U�R�V�M�H�þ�Q�L�K���Y�U�L�M�H�G�Q�R�V�W�L���L���ã�W�R���V�X���U�H�G�Q�L���E�U�R�M�H�Y�L���Y�R�G�R�F�U�S�L�O�L�ã�W�D��
�X�G�D�O�M�H�Q�L�M�L���M�H�G�D�Q���R�G���G�U�X�J�R�J�����W�R���V�X���P�M�H�U�H�Q�L���S�R�G�D�F�L���U�D�]�O�L�þ�L�W�L�M�L�����7�D�N�R�����Q�D���S�U�L�P�M�H�U�����Y�R�G�R�F�U�S�L�O�L�ã�W�H��
�E�U�����������N�R�M�H���R�]�Q�D�þ�D�Y�D���Y�R�G�R�F�U�S�L�O�L�ã�W�H���%�H�O�L�ã�ü�H�����Q�D�O�D�]�L���V�H���Q�D�M�X�G�D�O�M�H�Q�L�M�H���R�G���L�V�K�R�G�L�ã�W�D���L���V�Y�L�K���R�V�W�D�O�L�K��
�W�R�þ�D�N�D���Q�D���J�U�D�I�X���ã�W�R���X�N�D�]�X�M�H���G�D���V�H���N�D�N�Y�R�ü�D���Y�R�G�H���L�]���Y�R�G�R�F�U�S�L�O�L�ã�W�D���E�U���������S�R���V�Y�R�M�L�P���V�Y�R�M�V�W�Y�L�P�D��
�L�� �V�D�V�W�D�Y�X�� �S�R�W�S�X�Q�R�� �U�D�]�O�L�N�X�M�H�� �R�G�� �G�U�X�J�L�K���� �1�D�Y�H�G�H�Q�R�� �]�Q�D�þ�D�M�Q�R�� �R�G�V�W�X�S�D�Q�M�H�� �M�H�� �X�]�U�R�N�R�Y�D�Q�R��
neposrednom blizinom rijeke Drave koja infiltracijom prihranjuje vodonosnik iz kojeg se 
�]�D�K�Y�D�ü�D�� �Y�R�G�D�� �Q�D�� �Y�R�G�R�F�U�S�L�O�L�ã�W�X�� �E�U������ �ã�W�R�� �S�R�W�Y�U�ÿ�X�M�X���L�� �U�D�Q�L�M�H�� �D�Q�D�O�L�]�H�� �N�D�N�Y�R�ü�H�� �Y�R�G�D�� �2�V�M�H�þ�N�R-
�E�D�U�D�Q�M�V�N�H�� �å�X�S�D�Q�L�M�H���� �6�W�R�J�D�� �V�X�� �N�H�P�L�]�P�L�� �Y�R�G�D�� �L�� �R�]�Q�D�N�H�� �R�V�W�D�O�L�K�� �Y�R�G�R�F�U�S�L�O�L�ã�W�D��Slici 2 manje 
�P�H�ÿ�X�V�R�E�Q�R���X�G�D�O�M�H�Q�H�� 
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Slika 2. �*�U�X�S�L�U�D�Q�L���V�H�W�R�Y�L���L�]�P�M�H�U�H�Q�L�K���S�R�G�D�W�D�N�D���R���N�D�N�Y�R�ü�L���Y�R�G�H���Y�R�G�R�F�U�S�L�O�L�ã�W�D�� 
�2�V�M�H�þ�N�R-�E�D�U�D�Q�M�V�N�H���å�X�S�D�Q�L�M�H 

Figure 2. Groups of water quality data sets from Osijek-Baranja County water-wells 
 
�.�O�D�V�W�H�U�V�N�D���D�Q�D�O�L�]�D���Y�D�U�L�M�D�E�L�O�Q�R�V�W�L���D�Q�D�O�L�]�L�U�D�Q�L�K���V�Y�R�M�V�W�D�Y�D���V�L�U�R�Y�L�K���Y�R�G�D���Y�R�G�R�F�U�S�L�O�L�ã�W�D���2�V�M�H�þ�N�R-
�E�D�U�D�Q�M�V�N�H�� �å�X�S�D�Q�L�M�H�� �S�R�N�D�]�D�Q�D�� �M�H�� �G�H�Q�G�U�R�J�U�D�P�R�P�� �Q�D��Slici 3���� �1�D�M�]�Q�D�þ�D�M�Q�L�M�H�� �R�G�V�W�X�S�D�Q�M�H�� �R�G��
�S�U�R�V�M�H�þ�Q�L�K���Y�U�L�M�H�G�Q�R�V�W�L���D�Q�D�O�L�]�L�U�D�Q�L�K���S�D�U�D�P�H�W�D�U�D���N�D�N�Y�R�ü�H���V�L�U�R�Y�H���Y�R�G�H���S�R�N�D�]�X�M�X���X�]�R�U�F�L���V�L�U�R�Y�H��
�Y�R�G�H���V���Y�R�G�R�F�U�S�L�O�L�ã�W�D���E�U�R�M�������������������������L�����������R�G�Q�R�V�Q�R���S�R�G�]�H�P�Q�H���Y�R�G�H���Y�R�G�R�F�U�S�L�O�L�ã�W�D���9�L�Q�R�J�U�D�G�L����
�'�R�Q�M�L�� �0�L�K�R�O�M�D�F���� �%�H�O�L�ã�ü�H���� �-�D�U�þ�H�Y�D�F�� �L�� �%�L�O�M�H�� �ã�W�R���S�R�W�Y�U�ÿ�X�M�H�� �L�� �J�U�D�I�L�þ�N�L�� �S�U�L�N�D�]�� �D�Q�D�O�L�]�H�� �J�O�D�Y�Q�L�K��
komponenti Slici 2 �Q�D���N�R�M�R�M���V�H���W�D�N�R�ÿ�H�U���M�D�V�Q�R���X�R�þ�D�Y�D�M�X���R�G�V�W�X�S�D�Q�M�D���W�R�þ�D�N�D�������������������������L���������R�G��
�L�V�K�R�G�L�ã�W�D�� 

 
 

Slika 3. �'�H�Q�G�U�R�J�U�D�P���N�O�D�V�W�H�U�V�N�H���D�Q�D�O�L�]�H���������Y�R�G�R�F�U�S�L�O�L�ã�W�D���2�V�M�H�þ�N�R-�E�D�U�D�Q�M�V�N�H���å�X�S�D�Q�L�M�H 
Figure 3. Cluster analysis dendrogram of 21 water-wells in Osijek-Baranja County 
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�=�D�N�O�M�X�þ�F�L 
 
�3�U�L�P�M�H�Q�R�P���G�H�V�N�U�L�S�W�L�Y�Q�L�K���V�W�D�W�L�V�W�L�þ�N�L�K���L���N�H�P�R�P�H�W�U�L�M�V�N�L�K���P�H�W�R�G�D���D�Q�D�O�L�]�H���R�E�U�D�ÿ�H�Q�L���V�X���S�R�G�D�W�F�L��
�R���N�D�N�Y�R�ü�L���X�]�R�U�D�N�D���Y�R�G�H���X�]�R�N�U�R�Y�D�Q�H���Q�D���Y�R�G�R�F�U�S�L�O�L�ã�W�L�P�D���2�V�M�H�þ�N�R-�E�D�U�D�Q�M�V�N�H���å�X�S�D�Q�L�M�H���X���F�L�O�M�X��
�X�W�Y�U�ÿ�L�Y�D�Q�M�D �Q�M�L�K�R�Y�H�� �Y�D�U�L�M�D�E�L�O�Q�R�V�W�L���� �P�H�ÿ�X�V�R�E�Q�H�� �S�R�Y�H�]�D�Q�R�V�W�L���� �]�D�Y�L�V�Q�R�V�W�L�� �W�H�� �X�W�Y�U�ÿ�L�Y�D�Q�M�D��
�S�U�L�N�O�D�G�Q�R�V�W�L���S�U�L�P�M�H�Q�H���N�H�P�R�P�H�W�U�L�M�V�N�L�K���P�H�W�R�G�D���D�Q�D�O�L�]�H���Q�D���N�R�U�L�ã�W�H�Q�L���V�H�W���S�R�G�D�W�D�N�D�����3�U�L�P�M�H�Q�R�P��
�Q�D�Y�H�G�H�Q�L�K���P�H�W�R�G�D���D�Q�D�O�L�]�H���S�R�G�D�W�D�N�D���Q�D�M�Y�H�ü�H���Y�U�L�M�H�G�Q�R�V�W�L���N�R�H�I�L�F�L�M�H�Q�W�D���Y�D�U�L�M�D�E�L�O�Q�R�V�W�L���X�W�Y�U�ÿ�H�Q�H��
su �N�R�G�� �P�L�N�U�R�E�L�R�O�R�ã�N�L�K�� �S�R�N�D�]�D�W�H�O�M�D�� �N�D�N�Y�R�ü�H�� �Y�R�G�H���� �G�R�N�� �V�X�� �Q�D�M�P�D�Q�M�L�� �N�R�H�I�L�F�L�M�H�Q�W�L��
�Y�D�U�L�M�D�E�L�O�Q�R�V�W�L���]�D�E�L�O�M�H�å�H�Q�L���N�R�G���N�R�Q�F�H�Q�W�U�D�F�L�M�D���D�Q�L�R�Q�V�N�L�K���W�H�Q�]�L�G�D�����W�H�P�S�H�U�D�W�X�U�H���L���S�+���Y�U�L�M�H�G�Q�R�V�W�L��
�X�]�R�U�D�N�D�� �V�L�U�R�Y�H�� �Y�R�G�H���� �$�Q�D�O�L�]�R�P�� �N�R�U�H�O�D�F�L�M�V�N�L�K�� �R�G�Q�R�V�D�� �X�W�Y�U�ÿ�H�Q�D�� �M�H�� �Q�H�J�D�W�L�Y�Q�D�� �N�R�U�H�O�D�F�L�M�D��
izme�ÿ�X�� �N�R�Q�F�H�Q�W�U�D�F�L�M�D�� �Q�L�W�U�D�W�D�� �L�� �R�V�W�D�O�L�K�� �D�Q�D�O�L�]�L�U�D�Q�L�K�� �S�R�N�D�]�D�W�H�O�M�D�� �N�D�N�Y�R�ü�H�� �Y�R�G�H���� �R�V�L�P��
�N�R�U�H�O�D�F�L�M�H�� �V�� �N�R�Q�F�H�Q�W�U�D�F�L�M�R�P�� �N�O�R�U�L�G�D���� �1�D�M�Y�H�ü�L�� �N�R�H�I�L�F�L�M�H�Q�W�� �N�R�U�H�O�D�F�L�M�H���� �R�G�� ������������ �R�þ�H�N�L�Y�D�Q�R�� �M�H��
�]�D�E�L�O�M�H�å�H�Q���M�H���L�]�P�H�ÿ�X���Y�U�L�M�H�G�Q�R�V�W�L���H�O�H�N�W�U�L�þ�Q�H���Y�R�G�O�M�L�Y�R�V�W�L���L���N�R�Q�F�H�Q�W�U�D�F�L�M�H���K�L�G�U�R�J�H�Q�N�D�U�E�R�Qata. 
�$�Q�D�O�L�]�R�P�� �Y�D�U�L�M�D�E�L�O�Q�R�V�W�L�� �Y�U�L�M�H�G�Q�R�V�W�L�� �S�R�M�H�G�Q�L�K�� �S�D�U�D�P�H�W�D�U�D���� �Q�D�M�Y�H�ü�H�� �R�G�V�W�X�S�D�Q�M�H�� �R�G�� �V�U�H�G�Q�M�H��
�Y�U�L�M�H�G�Q�R�V�W�L�� �X�W�Y�U�ÿ�H�Q�R�� �M�H�� �N�R�G�� �N�R�Q�F�H�Q�W�U�D�F�L�M�D�� �å�H�O�M�H�]�D�� �N�R�M�H�� �V�X�� �E�L�O�H�� �X�� �U�D�V�S�R�Q�X�� �R�G�� ������������ �—�J���/�� �X��
�X�]�R�U�F�L�P�D�� �Y�R�G�H�� �V�� �Y�R�G�R�F�U�S�L�O�L�ã�W�D�� �E�U���� ���� �G�R�� ���������������� �—�J���/�� �Q�D�� �Y�R�G�R�F�U�S�L�O�L�ã�W�X�� �E�U���� ���� Analiza 
�S�R�G�D�W�D�N�D���W�D�N�R�ÿ�H�U���M�H���S�R�N�D�]�D�O�D���G�D���V�X���X�W�Y�U�ÿ�H�Q�H���N�R�Q�F�H�Q�W�U�D�F�L�M�H���å�H�O�M�H�]�D���X���X�]�R�U�F�L�P�D���V�L�U�R�Y�L�K���Y�R�G�D��
�Y�R�G�R�F�U�S�L�O�L�ã�W�D�� �2�V�M�H�þ�N�R-�E�D�U�D�Q�M�V�N�H�� �å�X�S�D�Q�L�M�H�� �X�� �S�R�]�L�W�L�Y�Q�R�M�� �N�R�U�H�O�D�F�L�M�L�� �V�� �S�R�M�D�Y�Q�R�V�W�L�� �L��
koncentracijama mangana. 
Provedena analiza glavnih komponenti pokazuje da se �S�R�X�]�G�D�Q�L�� �P�D�W�H�P�D�W�L�þ�N�L�� �P�R�G�H�O��
�Y�D�U�L�M�D�E�L�O�Q�R�V�W�L�� �S�R�G�D�W�D�N�D�� �P�R�å�H�� �N�U�H�L�U�D�W�L�� �Q�D�� �W�H�P�H�O�M�X�� ������ �S�D�U�D�P�H�W�D�U�D�� �N�D�N�Y�R�ü�H�� �Y�R�G�H�� �M�H�U�� �R�S�L�V�X�M�X��
95,7579 �����Y�D�U�L�M�D�E�L�O�Q�R�V�W�L�����D���S�U�Y�H���G�Y�L�M�H���Y�D�U�L�M�D�E�O�H�����J�O�D�Y�Q�H���N�R�P�S�R�Q�H�Q�W�H�����N�R�M�H���Q�D�M�Y�L�ã�H���X�W�M�H�þ�X���Q�D��
varijabilnost skupa podataka, opisuju samo 44,5970 % varijabilnosti podataka. 
�)�D�N�W�R�U�V�N�D�� �D�Q�D�O�L�]�D�� �L�� �J�U�D�I�L�þ�N�L�� �S�U�L�N�D�]�L�� �V�H�W�D�� �S�R�G�D�W�D�N�D�� �N�D�N�Y�R�ü�H�� �V�L�U�R�Y�L�K�� �Y�R�G�D�� �V�� �Y�R�G�R�F�U�S�L�O�L�ã�W�D��
�2�V�M�H�þ�N�R-�E�D�U�D�Q�M�V�N�H�� �å�X�S�D�Q�L�M�H�� �S�R�N�D�]�D�O�L�� �V�X�� �V�O�L�þ�Q�R�V�W�� �Y�H�ü�L�Q�H�� �L�]�P�M�H�U�H�Q�L�K�� �Y�U�L�M�H�G�Q�R�V�W�L�� �S�D�U�D�P�H�W�D�U�D��
�N�D�N�Y�R�ü�H�� �Y�R�G�H�� �V�� �Y�R�G�R�F�U�S�L�O�L�ã�W�D���� �=�Q�D�þ�D�M�Q�R�� �R�G�V�W�X�S�D�Q�M�H���R�G�� �S�U�R�V�M�H�þ�Q�L�K�� �Y�U�L�M�H�G�Q�R�V�W�L�� �S�D�U�D�P�H�W�D�U�D��
�N�D�N�Y�R�ü�H�� �Y�R�G�H�� �X�W�Y�U�ÿ�H�Q�R�� �M�H�� �M�H�G�L�Q�R�� �N�R�G�� �Y�R�G�R�F�U�S�L�O�L�ã�W�D�� �E�U���� ���� �X�V�O�L�M�H�G�� �S�U�L�K�U�D�Q�H�� �Y�R�G�R�Q�R�V�Q�L�N�D��
�L�Q�I�L�O�W�U�D�F�L�M�R�P�� �S�R�Y�U�ã�L�Q�V�N�H�� �Y�R�G�H�� �U�L�M�H�N�H�� �'�U�D�Y�H���� �.�R�G�� �R�V�W�D�O�L�K�� �Y�R�G�R�F�U�S�L�O�L�ã�W�D���� �S�R�Y�U�ã�L�Q�V�N�H�� �Y�R�G�H�� �X��
�]�Q�D�þ�D�M�Q�L�M�R�M�� �P�M�H�U�L�� �Q�H�� �S�U�L�K�U�D�Q�M�X�M�X�� �Y�R�G�R�Q�R�V�Q�L�N�H�� �V�W�R�J�D�� �N�D�N�Y�R�ü�D�� �Q�M�L�K�R�Y�L�K�� �S�R�G�]�H�P�Q�L�K�� �Y�R�G�D�� �M�H��
�S�U�L�P�D�U�Q�R���X�Y�M�H�W�R�Y�D�Q�D���J�H�R�O�R�ã�N�L�P���V�D�V�W�D�Y�R�P���W�O�D�����D���N�O�D�V�W�H�U�V�N�D���D�Q�D�O�L�]�D���L���S�U�L�S�D�G�D�M�X�ü�L���G�H�Q�G�U�R�J�U�D�P��
�S�R�N�D�]�X�M�X���G�D���Y�R�G�H���L�V�S�L�W�D�Q�L�K���Y�R�G�R�F�U�S�L�O�L�ã�W�D���Q�D�M�þ�H�ã�ü�H���S�R�Y�H�]�X�M�X���V�O�L�þ�Q�H���Y�U�L�M�H�G�Q�R�V�W�L���N�R�Q�F�H�Q�W�U�D�F�L�M�H��
�å�H�O�M�H�]�D���L���K�L�G�U�R�J�H�Q�N�D�U�E�R�Q�D�W�D���W�H���H�O�H�N�W�U�L�þ�Q�H���Y�R�G�O�M�L�Y�R�V�W�L�� 
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kromatografijom (ISO 14911:1998;EN ISO 14911:1999). 

HRN EN ISO 15586:2008 �.�D�N�Y�R�ü�D�� �Y�R�G�H��-- �2�G�U�H�ÿ�L�Y�D�Q�M�H�� �V�D�G�U�å�D�M�D�� �D�O�X�P�L�Q�L�M�D���� �D�U�V�H�Q�D���� �å�H�O�M�H�]�D����
mangana, nikla (ISO 15586:2003;. EN ISO 15586:2003). 

HRN EN ISO 9308-1: 2000/1: 2008 Kvaliteta vode -- Brojenje Escherichia coli i koliformnih 
bakterija -- 1. dio: Metoda membranske filtracije za vode s niskom pozadinom bakterijske 
flore (ISO 9308-1:2014; EN ISO 9308-1:2014). 

HRN EN ISO 6222: 2000 �.�D�N�Y�R�ü�D�� �Y�R�G�H��-- Brojenje uzgojenih mikroorganizama -- Broj kolonija 
nacjepljivanjem na hranjivi agar (ISO 6222:1999; EN ISO 6222:1999). 

HRN EN ISO 7899-2: 2000 �.�D�N�Y�R�ü�D�� �Y�R�G�H��-- Detekcija i brojenje crijevnih enterokoka -- 2. dio: 
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original scientific paper 
Summary 

 
The Osijek-Baranja County, with the surface of 4152 km2, have 264 settlements wich are supplied 
with drinking water obtained from 21 water-wells. In this paper, the results of descriptive statistical 
analysis reveal the basic characteristics of groundwater samples. The results show uniform values of 
temperature and pH in water samples. By comparing of the results and the prescribed permissible 
values, elevated concentrations of iron, manganese, ammonia and arsenic were found, as well as 
elevated values of turbidity and color in certain samples. The measured values of water qualiy were 
also analyzed by chemometric methods. Factor analysis yields a correlation matrix showing 
relationships between measured values of analyzed properties and concentrations. Aplication of 
cluster analysis resulted shown clusters on dendrogram with similar values and changes in water 
samples. The analysis of major components revealed 11 significant relationships and similarities 
between properties and concentrations. Cumulatively, they cause 95.76% variability within the 
analyzed data set and because of that, groundwater samples in Osijek-Baranja County differ 
significantly among them. 
 
Keywords: water quality, descriptive statistics, chemometric analysis, wellfield, Osijek-Baranja 
County 
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VODA, HRANA I ENERGIJA �± �.�/�-�8�ý���=�$���2�'�5�ä�,�9�,���5�$�=�9�2�- 

UDK: 628.1 : 574.5 

�,�U�H�Q�D���.�L�ã�P�D�U�W�L�Q�
, �,�U�H�O�O�D���%�R�J�X�W�����ä�H�O�M�N�R���3�R�S�R�Y�L�ü 
 
�6�Y�H�X�þ�L�O�L�ã�W�H�� �-�R�V�L�S�D�� �-�X�U�M�D�� �6�W�U�R�V�V�P�D�\�H�U�D�� �X�� �2�V�L�M�H�N�X���� �)�D�N�X�O�W�H�W�� �]�D�� �R�G�J�R�M�Q�H�� �L�� �R�E�U�D�]�R�Y�Q�H�� �]�Q�D�Q�R�V�W�L,  
Odsjek za prirodne znanosti, Cara Hadrijana 10, 31000 Osijek, Hrvatska 

pregledni rad 
S�D�å�H�W�D�N 

 
�-�H�G�D�Q���R�G���F�L�O�M�H�Y�D���R�G�U�å�L�Y�R�J���U�D�]�Y�R�M�D���M�H���Ä�9�R�G�D���]�D���V�Y�H���G�R���������������J�R�G�L�Q�H�³�����7�R���]�Q�D�þ�L���G�D���M�H���S�R�W�U�H�E�Q�R���L�]�Q�D�ü�L��
�U�M�H�ã�H�Q�M�H���]�D���P�L�O�L�M�D�U�G�H���O�M�X�G�L�����N�R�M�L���M�R�ã���X�Y�L�M�H�N���Q�H�P�D�M�X���S�U�L�V�W�X�S���]�G�U�D�Y�V�W�Y�H�Q�R���L�V�S�U�D�Y�Q�R�M���Y�R�G�L���N�D�N�R���E�L���R�V�L�J�X�U�D�O�L��
zdravu vodu, a time za zdravlje i sigurnu hranu. Porastom broja stanovnika na Zemlji, gospodarskim 
�U�D�V�W�R�P�� �L�� �S�U�R�P�M�H�Q�R�P�� �Q�D�þ�L�Q�D�� �S�U�H�K�U�D�Q�H�� �S�R�Y�H�ü�D�Y�D�� �V�H�� �S�R�W�U�D�å�Q�M�D�� �]�D�� �Y�R�G�R�P���� �S�U�R�ã�L�U�X�M�X�� �V�H�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�D��
�S�R�G�U�X�þ�M�D���� �S�R�Y�H�ü�D�Y�D�� �V�H�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�D�� �L�� �L�Q�G�X�V�W�U�L�M�V�N�D�� �S�U�R�L�]�Y�R�G�Q�M�D���� �D�� �W�L�P�H�� �L�� �N�R�O�L�þ�L�Q�D�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D����
�1�D�M�Y�H�ü�L�� �S�R�W�U�R�ã�D�þ�� �V�Y�M�H�W�V�N�L�K�� �Y�R�G�Q�L�K�� �U�H�V�X�U�V�D�� �M�H�� �S�R�O�M�R�S�U�L�Y�U�H�G�D�� �N�R�M�D�� �W�U�R�ã�L�� �þ�H�W�Y�U�W�L�Q�X�� �X�N�X�S�Q�H�� �H�Q�H�U�J�L�M�H��
�S�R�W�U�H�E�Q�H�� �]�D�� �S�U�H�K�U�D�Q�X�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�D���� �8�� �V�X�Y�U�H�P�H�Q�R�M�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�R�M�� �L�� �L�Q�G�X�V�W�U�L�M�V�N�R�M�� �S�U�R�L�]�Y�R�G�Q�M�L�� �K�U�D�Q�H����
�N�D�N�R�� �E�L�� �S�U�R�L�]�Y�H�O�L�� �]�G�U�D�Y�V�W�Y�H�Q�R�� �L�V�S�U�D�Y�Q�X�� �K�U�D�Q�X�� �L�� �V�D�þ�X�Y�D�O�L�� �R�N�R�O�L�ã���� �S�U�R�L�]�Y�R�ÿ�D�þ�L�� �N�R�Q�W�L�Q�X�L�U�D�Q�R���� �S�U�H�P�D��
�Y�D�å�H�ü�R�M�� �]�D�N�R�Q�V�N�R�M��regulativi, prate kvalitetu i zdravstvenu ispravnost vode s jedne strane te se 
�X�V�U�H�G�R�W�R�þ�X�M�X���Q�D���X�S�U�D�Y�O�M�D�Q�M�H���Y�R�G�Q�L�P���U�H�V�X�U�V�L�P�D���L���]�D�ã�W�L�W�R�P�� �H�N�R�V�X�V�W�D�Y�D���V���G�U�X�J�H���V�W�U�D�Q�H�����3�U�H�P�D���M�H�G�Q�R�M���R�G��
�Y�R�G�H�ü�L�K���V�Y�M�H�W�V�N�L�K���Q�H�Y�O�D�G�L�Q�L�K���L���Q�H�S�U�R�I�L�W�Q�L�K���R�U�J�D�Q�L�]�D�F�L�M�D���]�D���]�D�ã�W�L�W�X���S�U�L�U�R�G�H��- World Wild Foundation-u, 
�]�D�K�W�M�H�Y�L���O�M�X�G�L���]�D���U�H�V�X�U�V�L�P�D���L�P�D�M�X���X�W�M�H�F�D�M���Q�D���]�G�U�D�Y�O�M�H���H�N�R�V�X�V�W�D�Y�D�����D���X�S�U�D�Y�R���]�G�U�D�Y�O�M�H���H�N�R�V�X�V�W�D�Y�D���X�W�M�H�þ�H���Q�D��
�V�S�R�V�R�E�Q�R�V�W�� �R�V�L�J�X�U�D�Y�D�Q�M�D�� �L�V�W�L�K���� �+�U�D�Q�D���� �Y�R�G�D�� �L�� �H�Q�H�U�J�H�W�V�N�D�� �V�L�J�X�U�Q�R�V�W�� �X�V�N�R�� �V�X�� �S�R�Y�H�]�D�Q�L���� �P�H�ÿ�X�R�Y�L�V�Q�L�� �L��
�]�Q�D�þ�D�M�Q�L�� �]�D�� �R�S�V�W�R�M�Q�R�V�W���H�N�R�V�X�V�W�D�Y�D���� �8�� �U�D�G�X�� �ü�H�� �E�L�W�L�� �S�U�L�N�D�]�D�Q�H�� �P�M�H�U�H���N�R�M�H���V�H�� �S�U�R�Y�R�G�H���X�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�R-
�S�U�H�K�U�D�P�E�H�Q�R�P���O�D�Q�F�X���N�R�M�H���S�R�V�U�H�G�Q�R���X�W�M�H�þ�X���Q�D���E�L�R�U�D�]�Q�R�O�L�N�R�V�W�����D���N�O�M�X�þ���V�X���R�G�U�å�L�Y�R�J���U�D�]�Y�R�M�D�� 
 
�.�O�M�X�þ�Q�H���U�L�M�H�þ�L�� �]�G�U�D�Y�V�W�Y�H�Q�R���L�V�S�U�D�Y�Q�D���Y�R�G�D�����V�L�J�X�U�Q�D���K�U�D�Q�D�����R�G�U�å�L�Y�L���U�D�]�Y�R�M 
 
Voda �± �Q�D�M�N�U�L�W�L�þ�Q�L�M�L���L���Q�D�M�L�]�O�R�å�H�Q�L�M�L���S�U�L�U�R�G�Q�L���U�H�V�X�U�V 
 
�2�S�ü�H���M�H���S�R�]�Q�D�W�R���G�D���M�H���þ�L�V�W�D���L���Q�H�]�D�J�D�ÿ�H�Q�D���Y�R�G�D���R�V�Q�R�Y�Q�L���S�U�H�G�X�Y�M�H�W���å�L�Y�R�W�D���å�L�Y�L�K���E�L�ü�D���L���R�G�U�å�L�Y�R�V�W�L��
planete Zemlje. Najzastupljeniji je biogeni konstituent, neophodna je za odvijanje fizikalno-
kemijskih, biokemijskih procesa u bilj�D�N�D�� �L�� �å�L�Y�R�W�L�Q�M�D���� �]�D�� �P�H�W�D�E�R�O�L�]�D�P�� �L�� �U�D�]�J�U�D�G�Q�M�X�� �K�U�D�Q�H���� �8��
�P�H�W�D�E�R�O�L�]�P�X���V�O�X�å�L���N�D�R���R�W�D�S�D�O�R���Y�H�ü�L�Q�H���D�Q�R�U�J�D�Q�V�N�L�K���L���R�U�J�D�Q�V�N�L�K���W�Y�D�U�L���W�H���M�H���H�V�H�Q�F�L�M�D�O�D�Q���P�H�G�L�M���]�D��
prijenos hranjivih tvari i plinova do svih stanica organizma (Milak, 2015). Osim toga, bez vode 
�M�H�� �Q�H�P�R�J�X�ü�H��obavljanje poljoprivredne, industrijske proizvodnje te proizvodnja energije. 
�1�X�å�Q�D�� �M�H�� �]�D�� �G�U�X�ã�W�Y�H�Q�R-�H�N�R�Q�R�P�V�N�L�� �U�D�]�Y�R�M���� �G�R�E�U�R�E�L�W�� �L�� �S�U�R�G�X�N�W�L�Y�Q�R�V�W�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�D���� �]�D�� �]�G�U�D�Y��
�H�N�R�V�X�V�W�D�Y���L���V�U�å���M�H���R�G�U�å�L�Y�R�J���U�D�]�Y�R�M�D����http://www.unwater.org/water-facts/). Vodom je pokriveno 
�ô�� �=�H�P�O�M�L�Q�H�� �S�R�Y�U�ã�L�Q�H���� �R�F�H�D�Q�L�P�D���� �P�R�U�L�P�D���� �U�L�M�H�N�D�P�D�� �L�� �M�H�]�H�U�L�P�D���� �2�G�� �W�R�J�D�� �M�H�� �þ�D�N�� ������ ���� �V�O�D�Q�D����
�P�R�U�V�N�D�� �Y�R�G�D���� �������� ���� �V�X�� �O�H�G�H�Q�M�D�F�L���� �D�� ������ ���� �M�H�� �S�L�W�N�D�� �Y�R�G�D�� ���'�H�Q�å�L�ü�� �/�X�J�R�P�H�U�� �L�� �V�X�U������ ��������������
Podzemne vode osiguravaju pit�N�X���Y�R�G�X���]�D�������������V�Y�M�H�W�V�N�H���S�R�S�X�O�D�F�L�M�H���L���þ�L�Q�H�������������X�N�X�S�Q�H���Y�R�G�H��

                                                 
* ikismartin@hotmail.com 
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�N�R�M�D���V�H���N�R�U�L�V�W�L���]�D���Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H�����)�U�D�Q�H�N���L���V�X�U���������������������+�U�Y�D�W�V�N�D���L�P�D���Y�H�O�L�N�H���N�R�O�L�þ�L�Q�H���S�L�W�N�L�K���Y�R�G�D��
te se nalazi na 5. mjestu u Europi i na 42. mjestu u svijetu po obnovljivim zalihama vode 
(http://svijet-kvalitete.com/index.php/najave/1939-svjetski-dan-voda-2014). 
�8�� �S�R�V�O�M�H�G�Q�M�L�K�� �Q�H�N�R�O�L�N�R�� �G�H�V�H�W�O�M�H�ü�D�� �Y�R�G�D�� �M�H�� �S�R�V�W�D�O�D�� �M�H�G�D�Q�� �R�G�� �Q�D�M�N�U�L�W�L�þ�Q�L�M�L�K�� �L�� �Q�D�M�L�]�O�R�å�H�Q�L�M�L�K��
prirodnih �U�H�V�X�U�V�D�� �]�E�R�J�� �N�H�P�L�M�V�N�L�K�� �L�� �E�L�R�O�R�ã�N�L�K�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� �N�D�R�� �L�� �]�E�R�J�� �Q�H�R�G�U�å�L�Y�R�J�� �F�U�S�O�M�H�Q�M�D��
���2�Q�G�U�D�ã�H�N���L���V�X�U���������������������'�D�Q�D�V���X���V�Y�L�M�H�W�X���Y�L�ã�H���R�G�������P�L�O�L�M�D�U�G�H���O�M�X�G�L���å�L�Y�L���E�H�]���V�L�J�X�U�Q�H���S�L�W�N�H���Y�R�G�H�����8��
�S�R�G�U�X�þ�M�L�P�D���J�G�M�H���O�M�X�G�L���L�P�D�M�X���R�J�U�D�Q�L�þ�H�Q���S�U�L�V�W�X�S�����L�O�L���X�R�S�ü�H���Q�H�P�D�M�X���S�U�L�V�W�X�S���]�G�U�D�Y�Vtveno ispravnoj 
�Y�R�G�L���L���V�D�Q�L�W�D�U�Q�L�P���X�Y�M�H�W�L�P�D�����S�U�H�Y�D�O�H�Q�F�L�M�D���G�L�M�D�U�H�D�O�Q�L�K���E�R�O�H�V�W�L���J�O�D�Y�Q�L���M�H���þ�L�P�E�H�Q�L�N���Y�L�V�R�N�R�J���S�R�V�W�R�W�N�D��
smrtnosti djece, pothranjenosti i gubitka produktivnosti (http://www.unwater.org/water-
facts/water-food-and-energy/������ �3�U�H�P�D�� �L�]�Y�M�H�ã�W�D�M�X�� �8�M�H�G�L�Q�M�H�Q�L�K�� �Q�D�U�R�G�D�� �R�E�M�D�Y�O�M�H�Q�R�P�� �X�� �O�L�S�Q�M�X��
2018., svijet nije na putu ispunjenja cilja Ujedinjenih naroda: do 2030. svima osigurati 
zdravstveno ispravnu vodu i sanitarne uvjete. Pretpostavlja se da do 2050. godine polovica 
�V�Y�M�H�W�V�N�H�� �S�R�S�X�O�D�F�L�M�H�� �P�R�å�G�D�� �Y�L�ã�H�� �Q�H�ü�H�� �L�P�D�W�L�� �]�G�U�D�Y�V�W�Y�H�Q�R�� �L�V�S�U�D�Y�Q�X�� �Y�R�G�X 
(https://www.sciencenews.org/article/future-will -people-have-enough-water-live). 
�%�U�R�M�� �V�W�D�Q�R�Y�Q�L�N�D�� �Q�D�� �=�H�P�O�M�L�� �Q�H�S�U�H�V�W�D�Q�R�� �U�D�V�W�H�� �W�H�� �V�H�� �R�þ�H�N�X�M�H�� �G�D�� �ü�H�� �G�R�� ������������ �J�R�G�L�Q�H�� �Q�D�� �=�H�P�O�M�L��
�å�L�Y�M�H�W�L�� �R�N�R�� ���� �P�L�O�L�M�D�U�G�L�� �O�M�X�G�L���� �R�G�� �þ�H�J�D�� �ü�H�� �þ�D�N�� �������� �V�Y�M�H�W�V�N�R�J�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�D�� �å�L�Y�M�H�W�L�� �X�� �J�U�D�Govima. 
�3�R�U�D�V�W�R�P�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�D���� �X�U�E�D�Q�L�]�D�F�L�M�R�P�� �L�� �L�Q�G�X�V�W�U�L�M�D�O�L�]�D�F�L�M�R�P�� �S�R�Y�H�ü�D�Y�D�M�X�� �V�H�� �L�� �]�D�K�W�M�H�Y�L�� �]�D��
slatkovodnim resursima, za porastom poljoprivredne i prehrambene proizvodnje, hranom i 
�H�Q�H�U�J�L�M�R�P���V���M�H�G�Q�H���V�W�U�D�Q�H�����W�H���G�R�O�D�]�L���G�R���S�R�Y�H�ü�D�Q�M�D���N�R�O�L�þ�L�Q�H���R�W�S�D�G�Q�L�K���Y�R�G�D�����V��druge strane (FAO, 
�������������� �3�U�R�F�M�H�Q�M�X�M�H�� �V�H�� �G�D�� �ü�H�� �G�R�� ������������ �J�R�G�L�Q�H�� �S�R�W�U�H�E�H�� �]�D�� �Y�R�G�R�P�� �L�� �K�U�D�Q�R�P�� �S�R�U�D�V�W�L�� �]�D�� �Y�L�ã�H�� �R�G�� 
������ ������ �D�� �S�R�W�U�H�E�H�� �]�D�� �H�Q�H�U�J�L�M�R�P�� �ü�H�� �V�H�� �J�R�W�R�Y�R�� �X�G�Y�R�V�W�U�X�þ�L�W�L���� �6�W�R�J�D�� �M�H�� �S�R�W�U�H�E�Q�R�� �L�Q�W�H�J�U�L�U�D�Q�R��
upravljanje resursima za vodu, hranu i energiju (Slika 1) kao i suzbijanje trendova koji 
�X�J�U�R�å�D�Y�D�M�X���V�L�J�X�U�Q�R�V�W���Y�R�G�H���� �K�U�D�Q�H�����H�Q�H�U�J�L�M�H���L���H�N�R�V�X�V�W�D�Y�D���N�O�M�X�þ�Q�L�K���]�D���R�G�U�å�L�Y�L���U�D�]�Y�R�M���� �E�X�G�X�ü�L���G�D��
�S�U�R�P�M�H�Q�H���X�� �M�H�G�Q�R�P�� �V�X�V�W�D�Y�X�� �P�R�J�X�� �U�H�]�X�O�W�L�U�D�W�L�� �]�Q�D�þ�D�M�Q�L�P�� �V�R�F�L�M�D�O�Q�L�P���� �H�N�R�Q�R�P�V�N�L�P�� �L�� �H�N�R�O�R�ã�N�L�P��
posljedicama (http://futureearth.org/future-earth-water-energy-food-nexus). 
 

 
 

Slika 1. �0�H�ÿ�X�R�Y�L�V�Q�R�V�W���Y�R�G�H�����K�U�D�Q�H���L���H�Q�H�U�J�L�M�H�����S�U�L�O�D�J�R�ÿ�H�Q�R���S�U�H�P�D���$�O���=�X�E�D�U�L�������������� 
Zdravstveno ispravna hrana �± �Ä�R�G���S�R�O�M�D���G�R���V�W�R�O�D�´ 

Figure 1. Interdependence of water, food and energy (adapted according to Al Zubari, 2013)  
Healthy food - "from the field to the table"  

http://svijet-kvalitete.com/index.php/najave/1939-svjetski-dan-voda-2014
http://www.unwater.org/water-facts/water-food-and-energy/
http://www.unwater.org/water-facts/water-food-and-energy/
https://www.sciencenews.org/article/future-will-people-have-enough-water-live
http://futureearth.org/future-earth-water-energy-food-nexus)
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�3�R�W�H�Q�F�L�M�D�O�Q�L���L�]�Y�R�U�L���R�Q�H�þ�L�ã�ü�H�Q�M�D���Y�R�G�H���X���U�D�W�D�U�V�N�R�M���S�U�R�L�]�Y�R�G�Q�M�L 
 
�&�L�O�M�� �V�X�Y�U�H�P�H�Q�L�K�� �S�U�R�L�]�Y�R�ÿ�D�þ�D�� �K�U�D�Q�H�� �M�H�� �S�U�R�L�]�Y�H�V�W�L�� �G�R�Y�R�O�M�Q�X�� �N�R�O�L�þ�L�Q�X�� �]dravstveno ispravne 
�K�U�D�Q�H�� �]�D�� �V�Y�H�� �E�U�R�M�Q�L�M�H�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�R�� �L�� �S�U�L�� �W�R�P�H�� �V�D�þ�X�Y�D�W�L�� �R�N�R�O�L�ã���� �1�D�M�Y�H�ü�L�� �S�R�W�U�R�ã�D�þ�� �V�Y�M�H�W�V�N�L�K��
�V�O�D�W�N�R�Y�R�G�Q�L�K�� �U�H�V�X�U�V�D�� �L�� �M�H�G�D�Q�� �R�G�� �Q�D�M�Y�H�ü�L�K�� �R�Q�H�þ�L�ã�ü�L�Y�D�þ�D�� �Y�R�G�D�� �X�� �(�X�U�R�S�L�� �L�� �J�O�D�Y�Q�L�K�� �X�]�U�R�þ�Q�L�N�D��
smanjenja bioraznolikosti u prirodi upravo je poljoprivred�D�����S�U�L�P�D�U�Q�D���þ�R�Y�M�H�N�R�Y�D���D�N�W�L�Y�Q�R�V�W��
�S�R�W�U�H�E�Q�D�� �]�D�� �R�S�V�W�D�Q�D�N�� ���0�L�O�D�N���� ������������ �/�L�V�M�D�N���� �������������� �3�R�O�M�R�S�U�L�Y�U�H�G�D�� �W�U�R�ã�L�� �Y�L�ã�H�� �R�G�� �þ�H�W�Y�U�W�L�Q�H��
�X�N�X�S�Q�H�� �H�Q�H�U�J�L�M�H�� �S�R�W�U�H�E�Q�H�� �]�D�� �S�U�R�L�]�Y�R�G�Q�M�X�� �L�� �S�U�H�K�U�D�Q�X�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�D��
(http://www.unwater.org/water-facts/water-food-and-energy/). Posljednjih stotinjak godina 
�S�U�L�V�X�W�D�Q�� �M�H�� �W�U�H�Q�G�� �V�P�D�Q�M�H�Q�M�D�� �R�E�U�D�G�L�Y�L�K�� �S�R�Y�U�ã�L�Q�D�� �S�R�� �V�W�D�Q�R�Y�Q�L�N�X�� �X�V�O�L�M�H�G�� �Q�D�J�O�R�J�� �S�R�Y�H�ü�D�Q�M�D��
broja stanovnika na Zemlji, industrijalizacije, izgradnje gradova i cesta. Kako navode 
�â�X�E�D�U�L�ü�� �L�� �V�X�U���� �������������� �Ä�G�R�� �V�U�H�G�L�Q�H�� �������� �V�W���� �Q�D�� �U�D�V�S�R�O�D�J�D�Q�M�X�� �M�H�� �E�L�O�R�� ���������� �K�D�� �]�H�P�O�M�L�ã�W�D��
���R�E�U�D�G�L�Y�R�J���� �S�R�� �V�W�D�Q�R�Y�Q�L�N�X���� ������������ �J�R�G�L�Q�H�� ���������� �K�D���� �D�� ������������ �S�U�H�G�Y�L�ÿ�D�� �V�H�� ���������� �K�D�³���� �=�D��
�S�U�H�K�U�D�Q�X�� �V�Y�H�� �E�U�R�M�Q�L�M�H�J�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�D�� �Q�H�R�S�K�R�G�Q�R�� �M�H�� �S�U�L�V�W�X�S�L�W�L�� �L�Q�W�H�Q�]�L�Y�Q�R�M�� �S�R�O�M�R�S�U�L�Yrednoj 
�S�U�R�L�]�Y�R�G�Q�M�L���W�H���Q�D���S�R�V�W�R�M�H�ü�L�P���R�E�U�D�G�L�Y�L�P���S�R�Y�U�ã�L�Q�D�P�D���S�R�Y�H�ü�D�W�L���S�U�L�Q�R�V�H�����7�L�M�H�N�R�P���S�U�R�L�]�Y�R�G�Q�M�H��
�S�U�L�P�D�U�Q�L�� �S�U�R�L�]�Y�R�ÿ�D�þ�L�� �K�U�D�Q�H�� �P�R�U�D�M�X�� �R�V�L�J�X�U�D�W�L�� �S�U�R�L�]�Y�R�G�H�� �R�G�� �H�Y�H�Q�W�X�D�O�Q�H�� �N�R�Q�W�D�P�L�Q�D�F�L�M�H����
�X�]�L�P�D�M�X�ü�L�� �X�� �R�E�]�L�U�� �V�Y�H�� �S�R�V�W�X�S�N�H�� �S�U�H�U�D�G�H�� �N�R�M�L�P�D�� �ü�H�� �Q�M�L�K�R�Y�L�� �S�U�R�L�]�Y�R�G�L�� �E�L�W�L�� �Q�D�N�Q�D�Gno 
podvrgnuti. Osim eventualne kontaminacije proizvoda, intenziviranje poljoprivredne 
�S�U�R�L�]�Y�R�G�Q�M�H�� �P�R�å�H�� �X�]�U�R�N�R�Y�D�W�L�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� �Y�R�G�D�� �L�� �S�U�H�G�V�W�D�Y�O�M�D�� �R�S�D�V�Q�R�V�W�� �]�D�� �R�N�R�O�L�ã�� �]�E�R�J��
�S�R�Y�H�ü�D�Q�H�� �X�S�R�W�U�H�E�H�� �P�L�Q�H�U�D�O�Q�L�K�� �J�Q�R�M�L�Y�D�� �L�� �S�H�V�W�L�F�L�G�D���� �N�D�R�� �L�� �Q�H�S�U�L�N�O�D�G�Q�R�J�� �V�N�O�D�G�L�ã�W�H�Q�M�D��
organ�V�N�R�J�� �J�Q�R�M�L�Y�D�� ���J�Q�R�M�R�Y�N�H�� �L�� �V�W�D�M�Q�M�D�N�D������ �6�W�R�J�D�� �S�U�R�L�]�Y�R�ÿ�D�þ�L�� �S�R�G�X�]�L�P�D�M�X�� �R�G�U�H�ÿ�H�Q�H�� �P�M�H�U�H��
�]�D�� �S�U�H�Y�H�Q�F�L�M�X�� �L�� �Q�D�G�]�R�U�� �N�R�Q�W�D�P�L�Q�D�F�L�M�H�� �G�R�� �N�R�M�H�� �P�R�å�H�� �G�R�ü�L�� �L�]�� �J�Q�R�M�L�Y�D���� �V�U�H�G�V�W�D�Y�D�� �]�D�� �]�D�ã�W�L�W�X��
�E�L�O�M�D���� �Y�R�G�H���� �Y�H�W�H�U�L�Q�D�U�V�N�L�K�� �O�L�M�H�N�R�Y�D���� �Q�H�S�U�D�Y�L�O�Q�L�P�� �X�S�U�D�Y�O�M�D�Q�M�H�P�� �L�� �V�N�O�D�G�L�ã�W�H�Q�M�H�P�� �R�W�S�D�G�D�� �L��dr. 
�3�R�Y�H�ü�D�Q�D�� �X�S�R�W�U�H�E�D�� �P�L�Q�H�U�D�O�Q�L�K�� �J�Q�R�M�L�Y�D�� �X�� �E�L�O�M�N�D�P�D���� �R�V�R�E�L�W�R�� �X�� �S�R�Y�U�ü�X�� ���ã�S�L�Q�D�W�X���� �P�U�N�Y�L����
�]�H�O�H�Q�R�M���V�D�O�D�W�L�����F�Y�M�H�W�D�þ�L�����L�P�D���]�D���S�R�V�O�M�H�G�L�F�X���Y�L�V�R�N�H���N�R�Q�F�H�Q�W�U�D�F�L�M�H���Q�L�W�U�D�W�D��- oko 60% dnevnog 
�X�Q�R�V�D�� �Q�L�W�U�D�W�D�� �X�� �R�U�J�D�Q�L�]�D�P�� �þ�R�Y�M�H�N�D�� �S�R�W�M�H�þ�H�� �X�S�U�D�Y�R�� �L�]�� �R�Y�L�K�� �Q�D�P�L�U�Q�L�F�D���� �1�L�W�U�D�W�L�� �V�X �S�R�G�O�R�å�Q�L��
�U�H�G�X�N�F�L�M�L�� �X�� �Q�L�W�U�L�W�H�� �W�L�M�H�N�R�P�� �W�H�U�P�L�þ�N�H�� �R�E�U�D�G�H���L�O�L�� �S�R�G���X�W�M�H�F�D�M�H�P�� �F�U�L�M�H�Y�Q�H�� �I�O�R�U�H���W�H�� �X�� �N�R�Q�D�þ�Q�L�F�L��
�Q�D�V�W�D�M�D�Q�M�X�� �Q�L�W�U�R�]�D�P�L�Q�D�� �þ�L�M�L�� �V�X�� �P�H�W�D�E�R�O�L�W�L�� �N�D�U�F�L�Q�R�J�H�Q�L�� ���.�O�D�S�H�F���� ������������ �.�R�S�U�L�Y�Q�M�D�N���� ��������������
�8�S�R�W�U�H�E�R�P�� �P�L�Q�H�U�D�O�Q�L�K�� �J�Q�R�M�L�Y�D�� �S�R�Y�H�ü�D�Y�D�� �V�H�� �N�R�O�L�þ�L�Q�D�� �K�U�D�Q�M�L�Y�L�K�� �W�Y�D�U�L�� osobito nitrata i 
�I�R�V�I�D�W�D�����L���X���S�R�Y�U�ã�L�Q�V�N�L�P���Y�R�G�D�P�D���ã�W�R���P�R�å�H���X�]�U�R�N�R�Y�D�W�L���H�X�W�U�R�I�L�N�D�F�L�M�X�����W�M�����Ä�R�E�R�J�D�ü�L�Y�D�Q�M�H���Y�R�G�H��
�K�U�D�Q�M�L�Y�L�P�� �W�Y�D�U�L�P�D���� �V�S�R�M�H�Y�L�P�D�� �G�X�ã�L�N�D�� �L���L�O�L�� �I�R�V�I�R�U�D���� �N�R�M�L�� �X�]�U�R�N�X�M�X�� �X�E�U�]�D�Q�L�� �U�D�V�W�� �D�O�J�L�� �L�� �Y�L�ã�L�K��
�R�E�O�L�N�D�� �E�L�O�M�Q�L�K�� �Y�U�V�W�D���� �W�H�� �G�R�Y�R�G�H�� �G�R�� �Q�H�å�H�O�M�H�Q�R�J�� �S�R�U�H�P�H�ü�D�M�D �U�D�Y�Q�R�W�H�å�H�� �R�U�J�D�Q�L�]�D�P�D�� �X�� �Y�R�G�L�� �L��
�S�U�R�P�M�H�Q�H�� �V�W�D�Q�M�D�� �Y�R�G�D�³�� ���1�D�U�R�G�Q�H�� �Q�R�Y�L�Q�H���� �������������������� �0�L�Q�H�U�D�O�Q�D�� �J�Q�R�M�L�Y�D���� �R�V�R�E�L�W�R�� �G�X�ã�L�þ�Q�D��
�P�L�Q�H�U�D�O�Q�D�� �J�Q�R�M�L�Y�D���� �S�R�G�O�R�å�Q�D�� �V�X�� �L�V�S�L�U�D�Q�M�X�� �X�� �S�R�Y�U�ã�L�Q�V�N�H�� �Y�R�G�H�� �L�� �S�U�R�F�M�H�ÿ�L�Y�D�Q�M�X�� �X�� �G�X�E�O�M�H��
�V�O�R�M�H�Y�H���W�O�D���W�H���X���S�R�G�]�H�P�Q�H���Y�R�G�H���R�G�D�N�O�H���P�R�J�X���]�D�Y�U�ã�L�W�L���X���Y�R�G�L���]�D���S�L�ü�H�����.�D�N�R���Q�H���E�L���S�U�H�P�D�ã�L�O�L��
�S�R�W�U�H�E�H�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�L�K�� �N�X�O�W�X�U�D�� �]�D�� �G�X�ã�L�N�R�P�� �L�� �N�D�N�R�� �Q�H�� �E�L�� �R�Q�H�þ�L�V�W�L�O�L�� �S�R�Y�U�ã�L�Q�V�N�H���� �D�� �S�R�W�R�P�� �L��
�S�R�G�]�H�P�Q�H���Y�R�G�H�����S�R�O�M�R�S�U�L�Y�U�H�G�Q�L���S�U�R�L�]�Y�R�ÿ�D�þ�L���X���+�U�Y�D�W�V�N�R�M���V�H���S�U�L�G�U�å�D�Y�D�M�X���3�U�D�Y�L�O�Q�L�N�D���R���G�R�E�U�R�M��
�S�R�O�M�R�S�U�L�Y�U�H�G�Q�R�M�� �S�U�D�N�V�L�� �X�� �N�R�U�L�ã�W�H�Q�M�X�� �J�Q�R�M�L�Y�D�� ���1arodne novine, 56/2008). Prema istom 
�L�]�Y�R�U�X�����S�U�R�L�]�Y�R�ÿ�D�þ�L���X�]�R�U�N�X�M�X���W�O�R���W�H���Q�D���W�H�P�H�O�M�X���G�R�E�L�Y�H�Q�L�K���D�Q�D�O�L�]�D���K�U�D�Q�M�L�Y�L�K���H�O�H�P�H�Q�D�W�D���X���W�O�X����
�X�W�Y�U�ÿ�X�M�X�� �S�R�W�U�H�E�Q�H�� �N�R�O�L�þ�L�Q�H�� �J�Q�R�M�L�Y�D���� �3�R�� �S�U�R�Y�H�G�H�Q�R�M�� �U�D�V�S�R�G�M�H�O�L�� �J�Q�R�M�L�Y�D���� �Y�R�G�H�� �H�Y�L�G�H�Q�F�L�M�H�� �R��
�W�L�S�X���� �N�R�O�L�þ�L�Q�L�� �J�Q�R�M�L�Y�D�� �W�H�� �Y�U�H�P�H�Q�X�� �L�� �P�H�W�R�G�L�� �U�D�V�S�R�G�M�H�O�H���� �2�V�L�P�� �J�Q�R�M�L�Y�D���� �X�� �V�Y�U�K�X�� �S�R�Y�H�ü�D�Q�M�D��
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�S�U�L�Q�R�V�D�� �L�� �N�Y�D�O�L�W�H�W�H�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�L�K�� �S�U�R�L�]�Y�R�G�D���� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�L�� �S�U�R�L�]�Y�R�ÿ�D�þ�L�� �N�R�U�L�V�W�H�� �L��
�S�H�V�W�L�F�L�G�H���� �3�R�P�R�ü�X�� �Q�M�L�K�� �N�R�Q�W�U�R�O�L�U�D�M�X�� �Q�H�å�H�O�M�H�Q�H�� �X�þ�L�Q�N�H�� �ã�W�H�W�Q�L�N�D�� ���L�Q�V�H�N�W�L�F�L�G�L���� �P�R�O�X�V�N�L�F�L�G�L����
nematicidi), suzbijaju korove (herb�L�F�L�G�L�����L���E�R�O�H�V�W�L�����I�X�Q�J�L�F�L�G�L�����N�R�M�L���]�Q�D�þ�D�M�Q�R���V�P�D�Q�M�X�M�X���X�U�R�G����
Ostaci pesticida se nakupljaju gotovo neizmijenjeni u tlu i biljkama, a preko njih i u 
�R�V�W�D�O�L�P�� �N�D�U�L�N�D�P�D�� �X�� �K�U�D�Q�L�G�E�H�Q�R�P�� �O�D�Q�F�X���� �L�P�D�M�X�� �Q�H�J�D�W�L�Y�D�Q�� �X�þ�L�Q�D�N�� �Q�D�� �Y�R�G�H�� �L�� �R�N�R�O�L�ã�� �W�H�� �V�X��
potencijalna opasnost za zd�U�D�Y�O�M�H�� �O�M�X�G�L�� ���.�O�D�S�H�F���� �������������� �1�D�M�Y�H�ü�L�� �S�U�R�E�O�H�P�� �S�U�H�G�V�W�D�Y�O�M�D�M�X��
�S�H�V�W�L�F�L�G�L�� �N�R�M�L�� �V�H�� �Q�H�� �U�D�]�J�U�D�ÿ�X�M�X�� �E�U�]�R�� �X�� �R�N�R�O�L�ã�X���� �L�V�S�D�U�O�M�L�Y�L�� �V�X�� �L�O�L�� �W�R�S�O�M�L�Y�L�� �X�� �P�D�V�W�L���� �S�R�V�O�M�H�G�L�F�D��
�þ�H�J�D�� �M�H�� �Q�M�L�K�R�Y�D�� �E�L�R�O�R�ã�N�D�� �N�R�Q�F�H�Q�W�U�D�F�L�M�D�� �L�� �W�U�D�Q�V�O�R�N�D�F�L�M�D���� �7�U�D�Q�V�O�R�N�D�F�L�M�D�� �M�H�� �W�D�N�R�ÿ�H�U�� �P�R�J�X�ü�D��
isparavanjem i �Q�R�ã�H�Q�M�H�P�� �]�U�D�þ�Q�L�P�� �S�X�W�H�P�� �G�D�O�H�N�R�� �R�G�� �P�M�H�V�W�D�� �S�U�L�P�M�H�Q�H�����R�E�R�U�L�Q�D�P�D�� �]�D�Y�U�ã�D�Y�D��
�]�U�D�þ�Q�L���S�X�W���X���]�H�P�O�M�L���L�O�L���Y�R�G�D�P�D�������=�D�G�U�å�D�Y�D�Q�M�H���Q�H�N�R�J���S�H�V�W�L�F�L�G�D���X���Y�R�G�L���L�O�L���]�H�P�O�M�L���R�Y�L�V�L���R���Y�U�V�W�L��
�W�O�D���� �N�R�O�L�þ�L�Q�L�� �Y�O�D�J�H���� �W�H�P�S�H�U�D�W�X�U�L���� �S�+���� �S�U�L�V�X�W�Q�L�P�� �P�L�N�U�R�R�U�J�D�Q�L�]�P�L�P�D�� �L�� �G�U���� �,�V�S�L�U�D�Q�M�H�P�� �V��
poljopriv�U�H�G�Q�L�K���S�R�Y�U�ã�L�Q�D���S�H�V�W�L�F�L�G�L���G�R�V�S�L�M�H�Y�D�M�X���X���S�R�Y�U�ã�L�Q�V�N�H�����D�O�L���L���X���S�R�G�]�H�P�Q�H���Y�R�G�H���W�H���V�H���X��
�R�N�R�O�L�ã�X�� �ã�L�U�H�� �X�J�O�D�Y�Q�R�P�� �Y�R�G�H�Q�L�P�� �S�X�W�H�P�� ���.�O�D�S�H�F���� �������������� �3�U�R�L�]�Y�R�ÿ�D�þ�L�� �K�U�D�Q�H�� �X�� �V�N�O�D�G�X�� �V��
�G�R�E�U�R�P���S�R�O�M�R�S�U�L�Y�U�H�G�Q�R�P���S�U�D�N�V�R�P�����W�L�M�H�N�R�P���S�U�R�L�]�Y�R�G�Q�M�H���S�U�D�W�H���N�R�O�L�þ�L�Q�H���R�V�W�D�W�D�N�D���S�H�V�W�L�F�L�G�D���X��
i na �K�U�D�Q�L�� �E�L�O�M�Q�R�J�� �L�� �å�L�Y�R�W�L�Q�M�V�N�R�J�� �S�R�G�U�L�M�H�W�O�D���� �1�D�� �W�D�M�� �Q�D�þ�L�Q�� �R�V�L�J�X�U�D�Y�D�M�X�� �V�X�N�O�D�G�Q�R�V�W�� �V�Y�R�M�L�K��
�S�U�R�L�]�Y�R�G�D���V���P�D�N�V�L�P�D�O�Q�L�P���U�D�]�L�Q�D�P�D���R�V�W�D�W�D�N�D���S�H�V�W�L�F�L�G�D���S�U�H�P�D���Y�D�å�H�ü�R�M���]�D�N�R�Q�V�N�R�M���U�H�J�X�O�D�W�L�Y�L����
odnosno prema Zakonu o provedbi Uredbe (EZ) BR. 396/2005 o maksimalnim razinama 
osta�W�D�N�D���S�H�V�W�L�F�L�G�D���X���L���Q�D���K�U�D�Q�L���L���K�U�D�Q�L���]�D���å�L�Y�R�W�L�Q�M�H���E�L�O�M�Q�R�J���L���å�L�Y�R�W�L�Q�M�V�N�R�J���S�R�G�U�L�M�H�W�O�D�����1�D�U�R�G�Q�H��
�Q�R�Y�L�Q�H���� ���������������������� �D�� �L�V�W�R�Y�U�H�P�H�Q�R�� �]�D�ã�W�L�W�H�� �Y�R�G�H�� �L�� �R�N�R�O�L�ã�� �X�� �F�M�H�O�L�Q�L���� �8�� �V�N�O�D�G�X�� �V�� �Y�D�å�H�ü�R�P��
�]�D�N�R�Q�V�N�R�P���U�H�J�X�O�D�W�L�Y�R�P�����S�U�R�L�]�Y�R�ÿ�D�þ�L���N�R�U�L�V�W�H���V�O�X�å�E�H�Q�R���U�H�J�L�V�W�U�L�U�D�Q�D���V�U�H�G�V�W�Y�D���S�U�H�Y�Hntivno, ili 
�Q�D���W�H�P�H�O�M�X���X�W�Y�U�ÿ�H�Q�L�K���V�L�P�S�W�R�P�D���E�R�O�H�V�W�L�����L�Q�W�H�Q�]�L�W�H�W�D���Q�D�S�D�G�D���ã�W�H�W�Q�L�N�D���L���S�U�L�V�X�W�Q�R�V�W�L���N�R�U�R�Y�D�����2��
�S�U�R�Y�H�G�H�Q�L�P�� �D�N�W�L�Y�Q�R�V�W�L�P�D�� �]�D�ã�W�L�W�H�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�L�K�� �N�X�O�W�X�U�D�� �]�D�S�R�V�O�H�Q�L�F�L�� �Y�R�G�H�� �H�Y�L�G�H�Q�F�L�M�H�� �N�R�M�H��
�V�D�G�U�å�D�Y�D�M�X�� �S�R�G�D�W�N�H�� �R�� �Y�U�V�W�L�� �X�V�M�H�Y�D���� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�R�M�� �S�R�Y�U�ã�L�Q�L���� �G�D�Wumu primjene, aktivnim 
�W�Y�D�U�L�P�D���� �N�R�O�L�þ�L�Q�L�� �V�U�H�G�V�W�Y�D�� �L�� �G�R�]�L���� �U�D�]�G�R�E�O�M�X�� �N�D�U�H�Q�F�H�� �W�H�� �Q�D�]�L�Y�X�� �ã�W�H�W�Q�L�N�D���� �E�R�O�H�V�W�L�� �L�O�L�� �N�R�U�R�Y�D��
zbog kojih se primjenj�X�M�X���V�U�H�G�V�W�Y�D�����W�M�����Y�U�ã�L���]�D�ã�W�L�W�D�� 
�3�R�W�H�Q�F�L�M�D�O�Q�L�� �X�]�U�R�þ�Q�L�N�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� �Y�R�G�D�� �X�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�R�M�� �S�U�R�L�]�Y�R�G�Q�M�L�� �M�H�� �R�W�S�D�G���� �R�G�Q�R�V�Q�R��
�X�S�U�D�Y�O�M�D�Q�M�H�� �Q�M�L�P�H�� �L�� �Q�M�H�J�R�Y�R���V�N�O�D�G�L�ã�W�H�Q�M�H���� �1�H�S�U�D�Y�L�O�Q�R���X�S�U�D�Y�O�M�D�Q�M�H�� �R�W�S�D�G�R�P�� �X�W�M�H�þ�H���� �R�V�L�P�� �Q�D��
�N�Y�D�O�L�W�H�W�X�� �W�O�D���� �L�� �Q�D�� �S�U�R�P�M�H�Q�X�� �N�Y�D�O�L�W�H�W�H�� �S�R�Y�U�ã�L�Q�V�N�L�K�� �L�� �S�R�G�]�H�P�Q�L�K�� �Y�R�G�D�� �N�R�M�L�P�D�� �ã�W�H�W�Q�H�� �W�Y�D�U�L��
�Q�D�M�E�U�å�H�� �X�O�D�]�H�� �X�� �å�L�Y�D�� �E�L�ü�D���� �K�U�D�Q�L�G�E�H�Q�H�� �O�D�Q�F�H�� �S�D�� �X�� �N�R�Q�D�þ�Q�L�F�L�� �G�R�O�D�]�L�� �G�R�� �J�X�E�L�W�N�D�� �V�W�D�Q�L�ã�W�D�� �L��
�Q�H�V�W�D�Q�N�D���L�O�L���S�R�Y�H�ü�D�Q�M�D���S�R�S�X�O�D�F�L�M�D���S�R�M�H�G�L�Q�L�K���Y�U�V�W�D�����+�H�U�F�H�J�������������������6�W�R�J�D�����S�U�R�L�]�Y�R�ÿ�D�þ�L���Y�R�G�H��
�E�U�L�J�X�� �R�� �X�S�U�D�Y�O�M�D�Q�M�X���R�W�S�D�G�R�P���� �R�]�Q�D�þ�D�Y�D�M�X���L�� �U�D�]�Y�U�V�W�D�Y�D�M�X���S�R�M�H�G�L�Q�H���Y�U�V�W�H���R�W�S�D�G�D���X���S�U�L�N�O�D�G�Q�H��
spremnike te ih �]�E�U�L�Q�M�D�Y�D�M�X���Q�D���S�U�R�S�L�V�D�Q���Q�D�þ�L�Q�� 
 
Navodnjavanje �± sigu�U�Q�R�V�W���K�U�D�Q�H���Y�V�����X�ã�W�H�G�D���Y�R�G�H���L���H�Q�H�U�J�L�M�H 
 
�.�O�L�P�D�W�V�N�H�� �S�U�R�P�M�H�Q�H�� �L�� �þ�H�V�W�L�� �H�N�V�W�U�H�P�Q�R�� �V�X�K�L�� �X�Y�M�H�W�L�� �]�D�� �S�U�R�L�]�Y�R�G�Q�M�X���� �X�V�O�L�M�H�G�� �Q�H�G�R�V�W�D�W�N�D��
�G�R�Y�R�O�M�Q�L�K�� �N�R�O�L�þ�L�Q�D�� �R�E�R�U�L�Q�D���Q�D�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�L�P�� �S�R�Y�U�ã�L�Q�D�P�D���� �X�Y�M�H�W�X�M�X���S�R�W�U�H�E�X�� �R�V�L�J�X�U�D�Y�D�Q�M�D��
�G�R�V�W�D�W�Q�H�� �N�R�O�L�þ�L�Q�H�� �Y�R�G�H�� �Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H�P�� �U�D�G�L�� �Vigurnosti i stabilnosti proizvodnje hrane te 
�U�D�G�L�� �X�ã�W�H�G�H�� �Y�R�G�H�� �L�� �H�Q�H�U�J�L�M�H���� �3�U�H�P�D�� �=�D�N�R�Q�X�� �R�� �Y�R�G�D�P�D���� �Ä�Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H�� �M�H�� �G�M�H�O�D�W�Q�R�V�W��
�]�D�K�Y�D�ü�D�Q�M�D�� �S�R�G�]�H�P�Q�L�K�� �L�� �S�R�Y�U�ã�L�Q�V�N�L�K�� �Y�R�G�D�� �L�� �Q�M�L�K�R�Y�D�� �L�V�S�R�U�X�N�D�� �U�D�G�L�� �Q�D�W�D�S�D�Q�M�D��
�S�R�O�M�R�S�U�L�Y�U�H�G�Q�R�J�� �]�H�P�O�M�L�ã�W�D���� �V�S�R�U�W�V�N�L�K�� �W�H�U�H�Q�D�� �L�O�L�� �G�U�X�J�R�J�D���]�H�P�O�M�L�ã�W�D�³�� ���1�D�U�R�G�Q�H�� �Q�R�Y�L�Q�H����
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�������������������� �'�D�Q�D�V�� �V�H�� �Q�D�� ������ ���� �R�E�U�D�G�L�Y�L�K�� �Q�D�Y�R�G�Q�M�D�Y�D�Q�L�K�� �S�R�Y�U�ã�L�Q�D�� �S�U�R�L�]�Y�R�G�L�� �J�R�W�R�Y�R�� ������ ����
�V�Y�M�H�W�V�N�H�� �K�U�D�Q�H�� ���'�D�P�L�ã���� �������������� �,�D�N�R�� �V�X�� �X�� �S�R�V�O�M�H�G�Q�M�H�P�� �G�H�V�H�W�O�M�H�ü�X�� �Q�D�S�U�D�Y�O�M�H�Q�L�� �]�Q�D�þ�D�M�Q�L��
pomaci u gospodarenju vodama u agroekosustavima, u Hrvatskoj se navodnjava tek 2,5 % 
�R�E�U�D�G�L�Y�L�K�� �S�R�Y�U�ã�L�Q�D�� �W�H�� �M�R�ã�� �S�R�V�W�R�M�L�� �]�Q�D�W�D�Q�� �S�R�W�H�Q�F�L�M�D�O�� �Q�H�L�V�N�R�U�L�ã�W�H�Q�L�K�� �Y�R�G�Q�L�K�� �L�� �]�H�P�O�M�L�ã�Q�L�K��
�U�H�V�X�U�V�D�� �]�D�� �X�Q�D�S�U�M�H�ÿ�H�Q�M�H�� �L�� �S�R�Y�H�ü�D�Q�M�H�� �S�U�R�L�]�Y�R�G�Q�M�H�� �K�U�D�Q�H�� ���'�D�P�L�ã���� ������������ �2�Q�G�U�D�ã�H�N���� ��������������
�1�D�M�Y�H�ü�D�� �N�R�O�L�þ�L�Q�D�� �Y�R�G�D�� �V�H�� �H�N�V�W�U�D�K�L�U�D�� �L�]�� �S�R�Y�U�ã�L�Q�V�N�L�K�� �Y�R�G�D�� ���U�L�M�H�N�D�� �L�� �M�H�]�H�U�D������ �R�N�R�� ���� % 
�Q�D�Y�R�G�Q�M�D�Y�D�Q�L�K���S�R�Y�U�ã�L�Q�D�����D�������������L�]���S�R�G�]�H�P�Q�L�K���Y�R�G�D�����G�R�N���V�D�P�R�����������X�N�X�S�Q�H���N�R�O�L�þ�L�Q�H���Y�R�G�D��
�]�D�� �Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H�� �þ�L�Q�H�� �S�U�R�þ�L�ã�ü�H�Q�D�� �R�W�S�D�G�Q�D�� �Y�R�G�D�� �L�� �G�H�V�D�O�L�Q�L�]�L�U�D�Q�D�� �Y�R�G�D�� ���)�$�2���� �������������� �8��
�V�X�Y�U�H�P�H�Q�R�M���S�R�O�M�R�S�U�L�Y�U�H�G�Q�R�M���S�U�R�L�]�Y�R�G�Q�M�L���V�H���N�R�U�L�V�W�H���X�U�H�ÿ�D�M�L���]�D���D�X�W�R�P�D�W�L�]�L�U�D�Q�R���Q�D�Y�R�G�Q�M�D�Y�Dnje 
koji na temelju informacija sa senzora signaliziraju kada i koliko navodnjavati kako bi se 
�R�G�U�H�ÿ�H�Q�R�M�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�R�M�� �N�X�O�W�X�U�L�� �R�V�L�J�X�U�D�O�D�� �R�S�W�L�P�D�O�Q�D�� �N�R�O�L�þ�L�Q�D�� �Y�R�G�H�� �X�� �V�Y�D�N�R�P�� �G�L�M�H�O�X��
�S�R�O�M�R�S�U�L�Y�U�H�G�Q�H�� �S�D�U�F�H�O�H�� ���'�D�P�L�ã���� �������������� �Ä�3�R�W�U�R�ã�Q�M�D�� �R�S�W�L�P�D�O�Q�H�� �N�R�O�L�þ�L�Q�H�� �Y�R�G�H�� �X�� �W�Ou donosi 
�G�Y�R�V�W�U�X�N�X�� �N�R�U�L�V�W���� �P�D�N�V�L�P�L�]�D�F�L�M�X�� �E�L�R�O�R�ã�N�R�J�� �S�R�W�H�Q�F�L�M�D�O�D�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�H�� �N�X�O�W�X�U�H�� �X�]��
�P�L�Q�L�P�L�]�D�F�L�M�X�� �X�W�U�R�ã�H�Q�H�� �Y�R�G�H�³�� ���'�D�P�L�ã���� �������������� �8�� �]�H�P�O�M�D�P�D�� �X�� �U�D�]�Y�R�M�X�� �S�U�L�Q�R�V�L�� �å�L�W�D�U�L�F�D��
�S�U�R�V�M�H�þ�Q�R�� �L�]�Q�R�V�H�� �������� �W���K�D���� �D�O�L�� �S�U�L�Q�R�V�L�� �V�� �Q�D�Y�R�G�Q�M�D�Y�D�Q�M�H�P�� �V�X�� �������� �W���K�D�� ���)�$�2���� �������������� �8��
Hrv�D�W�V�N�R�M�� �V�H�� �G�D�Q�D�V�� �X�J�O�D�Y�Q�R�P�� �Q�D�Y�R�G�Q�M�D�Y�D�� �S�R�Y�U�ü�H�� �L�� �V�M�H�P�H�Q�V�N�L�� �N�X�N�X�U�X�]�� �N�D�R�� �Y�L�V�R�N�R��
�G�R�K�R�G�R�Y�Q�D�� �U�D�W�D�U�V�N�D�� �N�X�O�W�X�U�D�� �S�U�L�� �þ�H�P�X�� �V�H�� �S�U�L�Q�R�V�L�� �S�R�Y�H�ü�D�M�X�� ��-3 puta. Za navodnjavanje se 
koristi bunarska voda ili voda iz prirodnih vodotokova, koja po kvaliteti mora odgovarati 
vodi z�D�� �S�L�ü�H�� �W�H�� �S�U�R�L�]�Y�R�ÿ�D�þ�L�� �S�U�R�Y�R�G�H�� �D�Q�D�O�L�]�H�� �L�V�W�H���� �N�D�N�R�� �E�L�� �R�Q�H�P�R�J�X�ü�L�O�L�� �N�R�Q�W�D�P�L�Q�D�F�L�M�X��
�S�R�M�H�G�L�Q�H���N�X�O�W�X�U�H�����R�G�Q�R�V�Q�R���K�U�D�Q�H�����Ä�3�R�E�R�O�M�ã�D�Q�M�D���X���X�þ�L�Q�N�R�Y�L�W�R�V�W�L���Q�D�Y�R�G�Q�M�D�Y�D�Q�M�D���L���X�S�U�D�Y�O�M�D�Q�M�D��
�Y�R�G�D�P�D���V�X���N�O�M�X�þ�Q�D���N�D�N�R���E�L���V�H���R�V�L�J�X�U�D�O�D���G�R�V�W�X�S�Q�R�V�W���Y�R�G�H���N�D�N�R���]�D���S�U�R�L�]�Y�R�G�Q�M�X���K�U�D�Q�H�����W�D�N�R���L 
�]�D���N�R�Q�N�X�U�H�Q�W�Q�H���S�R�W�U�H�E�H���O�M�X�G�L���L���R�N�R�O�L�ã�D�³�����)�$�2���������������� 
 
Otpadne vode 
 
�,�Q�G�X�V�W�U�L�M�D�O�L�]�D�F�L�M�R�P�� �L�� �S�R�U�D�V�W�R�P�� �E�U�R�M�D�� �V�W�D�Q�R�Y�Q�L�N�D�� �X�� �V�Y�L�M�H�W�X���� �G�R�ã�O�R���M�H�� �G�R�� �S�R�Y�H�ü�D�Q�H���S�R�W�U�R�ã�Q�M�H��
�Y�R�G�H�����D���W�L�P�H���L���G�R���S�R�Y�H�ü�D�Q�M�D���N�R�O�L�þ�L�Q�D���R�W�S�D�G�Q�L�K���Y�R�G�D�����N�R�M�H���V�H���L�V�S�X�ã�W�D�M�X���X���Y�R�G�R�W�R�N�R�Y�H�����M�H�]�H�U�D��
ili mo�U�D���� �-�H�G�D�Q�� �R�G�� �Q�D�M�Y�H�ü�L�K�� �S�R�W�U�R�ã�D�þ�D�� �L�� �R�Q�H�þ�L�ã�ü�L�Y�D�þ�D�� �Y�R�G�H���� �X�]�� �S�R�O�M�R�S�U�L�Y�U�H�G�X���� �M�H��
�S�U�H�K�U�D�P�E�H�Q�D�� �L�Q�G�X�V�W�U�L�M�D�� �N�R�M�D�� �Q�D�M�Y�L�ã�H�� �L�V�S�X�ã�W�D�� �R�W�S�D�G�Q�H�� �Y�R�G�H�� �X�� �S�R�Y�U�ã�L�Q�V�N�H�� �Y�R�G�H�� �L��
�N�D�Q�D�O�L�]�D�F�L�M�V�N�X�� �P�U�H�å�X���� �3�U�H�P�D�� �=�D�N�R�Q�X�� �R�� �Y�R�G�D�P�D�� ���1�D�U�R�G�Q�H�� �Q�R�Y�L�Q�H���� ������������������ �Ä�L�Q�G�X�V�W�U�L�M�V�N�H��
otpadne vode su sve otpadne vode, osim sanitarnih otpadnih voda i oborinskih voda, koje 
�V�H���L�V�S�X�ã�W�D�M�X���L�]���S�U�R�V�W�R�U�D���N�R�U�L�ã�W�H�Q�L�K���]�D���R�E�D�Y�O�M�D�Q�M�H���W�U�J�R�Y�L�Q�H���L�O�L���L�Q�G�X�V�W�U�L�M�V�N�H���G�M�H�O�D�W�Q�R�V�W�L�³�����6�D�V�W�D�Y��
�L�� �N�R�O�L�þ�L�Q�D�� �L�Q�G�X�V�W�U�L�M�V�N�H�� �R�W�S�D�G�Q�H�� �Y�R�G�H�� �R�Y�L�V�L�� �R�� �Y�U�V�W�L�� �L�� �Q�D�þ�L�Q�X�� �W�H�K�Q�R�O�R�ã�N�R�J�� �S�U�R�F�H�V�D�� �W�H��
razlikujemo dvije vrste industrijskih otpadnih voda:  
�‡ �E�L�R�O�R�ã�N�L�� �U�D�]�J�U�D�G�L�Y�H�� ���L�]�� �S�U�H�K�U�D�P�E�H�Q�H�� �L�Q�G�X�V�W�U�L�M�H���� �N�R�M�H�� �V�H�� �V�P�L�M�X�� �P�L�M�H�ã�D�W�L�� �V�D��

�N�X�ü�D�Q�V�N�L�P���R�W�S�D�G�Q�L�P���Y�R�G�D�P�D���L�� 
�‡ �E�L�R�O�R�ã�N�L�� �Q�H�U�D�]�J�U�D�G�L�Y�H�� ���L�]�� �P�H�W�D�O�Q�H�� �L�Q�G�X�V�W�U�L�M�H������ �W�M���� �R�Q�H�� �N�R�M�H�� �V�H�� �Q�H�� �V�P�L�M�X�� �Q�H�R�E�U�D�ÿ�H�Q�H��

�P�L�M�H�ã�D�W�L���V�D���N�X�ü�D�Q�V�N�L�P �R�W�S�D�G�Q�L�P���Y�R�G�D�P�D�����.�O�D�V�Q�L�ü������������������ 
 
�2�V�L�P�� �L�Q�G�X�V�W�U�L�M�V�N�L�K�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D���� �]�Q�D�þ�D�M�Q�H�� �V�X�� �N�R�P�X�Q�D�O�Q�H�� �R�W�S�D�G�Q�H�� �Y�R�G�H���� �P�M�H�ã�D�Y�L�Q�D��
�L�Q�G�X�V�W�U�L�M�V�N�L�K�� �L�� �V�D�Q�L�W�D�U�Q�L�K�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D�� �W�H�� �V�D�Q�L�W�D�U�Q�H�� �Y�R�G�H�� �N�R�M�H�� �X�J�O�D�Y�Q�R�P�� �S�R�W�M�H�þ�X�� �L�]��
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�G�R�P�D�ü�L�Q�V�W�D�Y�D�� �L�� �U�H�V�W�R�U�D�Q�D���� �,�V�S�X�ã�W�D�Q�M�H�P�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�L�K�� �L�Oi industrijskih otpadnih voda 
�G�R�O�D�]�L���G�R���R�Q�H�þ�L�ã�ü�H�Q�M�D���Y�R�G�H���P�L�N�U�R�R�U�J�D�Q�L�]�P�L�P�D���L���G�U�X�J�L�P���W�Y�D�U�L�P�D���N�R�M�H���G�R�Y�R�G�H���G�R���S�U�R�P�M�H�Q�H��
�N�Y�D�O�L�W�H�W�H�� �Y�R�G�H���� �R�J�U�D�Q�L�þ�D�Y�D�Q�M�D�� �Q�D�P�M�H�Q�V�N�H�� �X�S�R�U�D�E�H�� �Y�R�G�H�� �L�� �S�R�J�R�U�ã�D�Q�M�D�� �V�W�D�Q�M�D�� �Y�R�G�H�Q�L�K��
�H�N�R�V�X�V�W�D�Y�D�� �S�D�� �þ�D�N�� �P�R�J�X�� �G�R�Y�H�V�W�L�� �X�� �S�L�W�D�Q�M�H�� �L�� �Q�M�L�K�R�Y�� �R�S�V�W�R�M�Q�R�V�W ���+�H�U�F�H�J���� ������������ �.�O�D�V�Q�L�ü����
������������ �0�L�O�D�N���� �������������� �1�D�M�Y�H�ü�L�� �S�R�W�U�R�ã�D�þ�L�� �Y�R�G�D���� �L�� �V�W�Y�D�U�D�Q�M�H�P�� �Y�H�O�L�N�L�K�� �N�R�O�L�þ�L�Q�D�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D����
�S�R�W�H�Q�F�L�M�D�O�Q�L�� �R�Q�H�þ�L�ã�ü�L�Y�D�þ�L�� �R�N�R�O�L�ã�D�� �V�X�� �S�R�J�R�Q�L�� �]�D�� �S�U�H�U�D�G�X�� �D�Q�L�P�D�O�Q�L�K�� �S�U�R�L�]�Y�R�G�D���� �P�O�M�H�N�D�U�H����
�P�H�V�R�S�U�H�U�D�ÿ�L�Y�D�þ�N�H�� �L�Q�G�X�V�W�U�L�M�H�� �L�� �N�O�D�R�Q�L�F�H�� ���R�V�R�E�L�W�R�� �N�O�D�R�Q�L�F�H peradi). U Republici Hrvatskoj 
�S�U�R�þ�L�ã�ü�D�Y�D���V�H���V�D�P�R�����������R�W�S�D�G�Q�L�K���Y�R�G�D�����D���Q�D���]�D�G�R�Y�R�O�M�D�Y�D�M�X�ü�L���Q�D�þ�L�Q���W�H�N���Q�H�ã�W�R���Y�L�ã�H���R�G������������
���.�O�D�V�Q�L�ü���� �������������� �9�R�G�H�� �L�P�D�M�X�� �V�S�R�V�R�E�Q�R�V�W�� �V�D�P�R�S�U�R�þ�L�ã�ü�D�Y�D�Q�M�D�� ���D�X�W�R�S�X�U�L�I�L�N�D�F�L�M�H���� �]�D�� �N�R�M�H�� �M�H��
�Q�D�M�Y�D�å�Q�L�M�D�� �S�U�L�V�X�W�Q�R�V�W�� �N�L�V�L�N�D�� �L�� �P�L�N�U�R�R�U�J�D�Q�L�]�D�P�D�� �X��vodi, ali neke tvari poput pesticida i 
�W�H�ã�N�L�K���P�H�W�D�O�D���X���R�W�S�D�G�Q�L�P���Y�R�G�D�P�D���R�Q�H�P�R�J�X�ü�X�M�X���V�D�P�R�S�U�R�þ�L�ã�ü�D�Y�D�Q�M�H���G�M�H�O�X�M�X�ü�L���L�Q�K�L�E�L�W�R�U�Q�R���L�O�L��
�U�D�]�D�U�D�M�X���P�L�N�U�R�E�L�R�O�R�ã�N�H���D�N�W�L�Y�Q�R�V�W�L���X���Y�R�G�L�����â�R�ã�W�D�U�L�ü�������������������.�D�N�R���E�L�V�P�R���V�D�þ�X�Y�D�O�L���S�R�Y�U�ã�L�Q�V�N�H��
�L�� �S�R�G�]�H�P�Q�H�� �Y�R�G�H�� �N�R�M�H�� �V�X�� �M�R�ã�� �þ�L�V�W�H���� �X�N�O�R�Q�L�O�L�� �L�]�Y�R�U�H�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� �L�� �]�D�X�V�W�D�Y�L�O�L�� �S�R�J�R�U�ã�D�Q�M�H��
�N�D�N�Y�R�ü�H�� �Y�R�G�H���� �S�R�W�U�H�E�D�Q���M�H�� �Q�D�G�]�R�U�� �Q�D�G�� �V�W�D�Q�M�H�P�� �N�D�N�Y�R�ü�H�� �Y�R�G�D�� �L�� �L�]�Y�R�U�L�P�D�� �R�Q�H�þ�L�ã�ü�D�Y�D�Q�M�D�� �W�H��
�L�Q�V�W�D�O�L�U�D�Q�M�H���X�U�H�ÿ�D�M�D���]�D���S�U�R�þ�L�ã�ü�D�Y�D�Q�M�H���R�W�S�D�G�Q�L�K���Y�R�G�D�����+�H�U�F�H�J�������������������3�U�R�þ�L�ã�ü�D�Y�D�Q�M�H���R�W�S�D�G�Q�H��
�Y�R�G�H�� �Y�H�ü�� �M�H�� �G�H�V�H�W�O�M�H�ü�L�P�D�� �Q�X�å�Q�R�V�W �N�D�R�� �ã�W�R�� �M�H�� �L�� �F�M�H�O�R�Y�L�W�L�� �V�X�V�W�D�Y�� �X�S�U�D�Y�O�M�D�Q�M�D�� �Y�R�G�Q�L�P��
�E�R�J�D�W�V�W�Y�R�P���S�U�H�G�X�Y�M�H�W���Q�M�H�J�R�Y�R�J���R�G�U�å�D�Q�M�D�����.�O�D�V�Q�L�ü���������������� 
 
�3�R�W�H�Q�F�L�M�D�O�Q�L���L�]�Y�R�U�L���R�Q�H�þ�L�ã�ü�H�Q�M�D���Y�R�G�H���X���V�W�R�þ�D�U�V�N�R�M���S�U�R�L�]�Y�R�G�Q�M�L 
 
�6�X�Y�U�H�P�H�Q�D�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�D�� �S�U�R�L�]�Y�R�G�Q�M�D�� �L�Q�W�H�J�U�L�U�D�� �U�D�W�D�U�V�N�X�� �L�� �V�W�R�þ�D�U�V�N�X�� �S�U�R�L�]�Y�R�G�Q�M�X�� �þ�L�P�H�� �Ve 
�R�S�W�L�P�L�]�L�U�D�� �S�O�R�G�Q�R�V�W�� �W�O�D�� �S�U�L�P�M�H�Q�R�P�� �V�W�D�M�V�N�R�J�� �J�Q�R�M�D�� �L�� �J�Q�R�M�R�Y�N�H�� �N�R�M�L�� �S�R�]�L�W�L�Y�Q�R�� �X�W�M�H�þ�X�� �Q�D��
�P�L�N�U�R�E�L�R�O�R�ã�N�X�� �D�N�W�L�Y�Q�R�V�W�� �X�� �W�O�X���� �V�D�G�U�å�D�M�� �K�X�P�X�V�D���� �E�L�R�O�R�ã�N�X�� �U�D�]�Q�R�O�L�N�R�V�W�� �L�� �R�V�L�J�X�U�D�Y�D��
�S�U�R�L�]�Y�R�G�Q�M�D�� �]�G�U�D�Y�V�W�Y�H�Q�R�� �L�V�S�U�D�Y�Q�H�� �K�U�D�Q�H���� �8�� �S�U�R�L�]�Y�R�G�Q�R�P�� �S�U�R�F�H�V�X�� �Ä�R�G�� �S�R�O�M�D�� �G�R�� �V�W�R�O�D�³�� �]�D��
potr�H�E�H���V�W�R�þ�D�U�V�N�H���S�U�R�L�]�Y�R�G�Q�M�H�����W�M�����]�D���S�U�R�L�]�Y�R�G�Q�M�X���K�U�D�Q�H�����]�D���Q�D�S�D�M�D�Q�M�H���å�L�Y�R�W�L�Q�M�D���Q�D���I�D�U�P�D�P�D��
�W�H�� �]�D�� �W�H�K�Q�R�O�R�ã�N�H�� �Y�R�G�H�� �W�U�R�ã�L�� �V�H�� �R�N�R�� �� ���� �Y�R�G�H�� �R�G�� �X�N�X�S�Q�H�� �S�R�W�U�R�ã�Q�M�H�� �Y�R�G�H�� �]�D�� �O�M�X�G�V�N�H��
�G�M�H�O�D�W�Q�R�V�W�L�����%�X�G�X�ü�L���G�D���M�H���D�Q�L�P�D�O�Q�D���S�U�R�L�]�Y�R�G�Q�M�D���K�U�D�Q�H���R�Y�L�V�Q�D���R���E�L�O�M�Q�R�M���S�U�R�L�]�Y�R�G�Q�M�L�����M�H�U���Q�Sr. 
�S�U�R�L�]�Y�R�G�Q�M�D�������N�J���P�H�V�D���S�U�R�V�M�H�þ�Q�R���]�D�K�W�M�H�Y�D���R�N�R�������N�J���å�L�W�D�U�L�F�D�����R�G���X�N�X�S�Q�L�K���N�R�O�L�þ�L�Q�D���Y�R�G�H���N�R�M�H��
�V�H�� �N�R�U�L�V�W�H�� �X�� �S�R�O�M�R�S�U�L�Y�U�H�G�L�� �J�R�W�R�Y�R�� �M�H�G�Q�D�� �W�U�H�ü�L�Q�D�� ������ %) je povezana s animalnom 
�S�U�R�L�]�Y�R�G�Q�M�R�P�� �R�G�� �þ�H�J�D�� �V�H�� �Q�D�M�Y�H�ü�L�� �G�L�R�� �Y�R�G�H�� ������ %) koristi za proizvodnju krmnog bilja, 
�V�L�O�D�å�Q�R�J���L���Y�L�V�R�N�R�Y�O�D�å�Q�R�J���N�X�N�X�U�X�]�D�����O�X�F�H�U�Q�H���L���G�U�����0�D�Q�M�L���G�L�R���Y�R�G�H���V�H���N�R�U�L�V�W�L���N�D�R���Y�R�G�D���]�D���S�L�ü�H��
�å�L�Y�R�W�L�Q�M�D�P�D�� ���Q�D�M�Y�L�ã�H�� �Q�D�� �J�R�Y�H�G�D�U�V�N�L�P�� �L�� �V�Y�L�Q�M�R�J�R�M�V�N�L�P�� �I�D�U�P�D�P�D���� �L�� �W�H�K�Q�R�O�R�ã�N�D�� �Y�R�G�D�� ���Y�R�G�D��
�S�R�W�U�H�E�Q�D�� �]�D�� �R�G�U�å�D�Y�D�Q�M�H�� �K�L�J�L�M�H�Q�H�� �]�D�S�R�V�O�H�Q�L�N�D���� �S�U�D�Q�M�H�� �R�S�U�H�P�H���� �V�W�U�R�M�H�Y�D�� �L�� �R�E�M�H�N�D�Wa, 
�G�H�]�E�D�U�L�M�H�U�D���� �W�H�� �S�U�H�U�D�G�X�� �D�Q�L�P�D�O�Q�L�K�� �S�U�R�L�]�Y�R�G�D�� �X�� �P�O�M�H�N�D�U�V�N�R�M�� �L�Q�G�X�V�W�U�L�M�L���� �P�H�V�R�S�U�H�U�D�ÿ�L�Y�D�þ�N�L�P��
�S�R�J�R�Q�L�P�D���� �N�O�D�R�Q�L�F�D�P�D�� ���2�Q�G�U�D�ã�H�N�� �L�� �V�X�U������ ������������ �6�D�O�D�M�S�D�O�� �L�� �V�X�U������ �������������� �Ä�8�Y�D�å�D�Y�D�M�X�ü�L��
�S�R�V�W�R�M�H�ü�L�� �W�U�H�Q�G���S�R�Y�H�ü�D�Q�M�D�� �S�U�R�L�]�Y�R�G�Q�M�H�� �J�R�W�R�Y�R���V�Y�L�K�� �D�Q�L�P�D�O�Q�L�K�� �S�U�R�L�]�Y�R�G�D���� �D�� �S�R�V�H�E�L�F�H���Pesa 
�]�D���N�R�M�H���V�H���S�U�H�G�Y�L�ÿ�D���X�G�Y�R�V�W�U�X�þ�H�Q�M�H���S�U�R�L�]�Y�R�G�Q�M�H���G�R���������������J�R�G�L�Q�H�����P�R�å�H���V�H���R�þ�H�N�L�Y�D�W�L���G�D�O�M�Q�M�L��
�S�U�L�W�L�V�D�N�� �Q�D�� �U�H�]�H�U�Y�H�� �V�O�D�W�N�H�� �Y�R�G�H�� �X�� �V�Y�L�M�H�W�X�� �]�E�R�J�� �S�R�Y�H�ü�D�Q�L�K�� �S�R�W�U�H�E�D�� �D�Q�L�P�D�O�Q�H�� �S�U�R�L�]�Y�R�G�Q�M�H�³��
(Salajpal i sur., 2018). Pranje opreme i objekata na farmama provodi se prem�D���X�W�Y�U�ÿ�H�Q�L�P��
�S�O�D�Q�R�Y�L�P�D���� �S�H�U�L�R�G�L�þ�Q�R�� �W�L�M�H�N�R�P�� �S�U�R�L�]�Y�R�G�Q�R�J�� �S�U�R�F�H�V�D�� �L�O�L�� �S�R�� �S�U�R�L�]�Y�R�G�Q�R�P�� �F�L�N�O�X�V�X�� �V�� �F�L�O�M�H�P��
�V�S�U�M�H�þ�D�Y�D�Q�M�D���N�R�Q�W�D�P�L�Q�D�F�L�M�H���K�U�D�Q�H���]�D���å�L�Y�R�W�L�Q�M�H���L���Y�R�G�H�����8�N�R�O�L�N�R���M�H���S�U�R�L�]�Y�R�G�Q�L���F�L�N�O�X�V���N�U�D�W�D�N��
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�S�D���M�H���L�]�P�M�H�Q�D���å�L�Y�R�W�L�Q�M�D���þ�H�V�W�D�����Y�H�O�L�N�D���M�H���S�R�W�U�R�ã�Q�M�D���W�H�K�Q�R�O�R�ã�N�H���Y�R�G�H���W�H���V�H���S�R�Y�H�ü�D�Y�D���L���N�R�O�L�þ�L�Q�D��
�R�W�S�D�G�Q�H�� �Y�R�G�H���� �3�R�W�U�R�ã�Q�M�D�� �Y�R�G�H�� �W�D�N�R�ÿ�H�U�� �R�Y�L�V�L�� �L�� �R�� �V�X�V�W�D�Y�X�� �L�]�J�Q�R�M�D�Y�D�Q�M�D�� �Q�D�� �I�D�U�P�L���� �.�D�G�D�� �V�X��
�å�L�Y�R�W�L�Q�M�H�� �Q�D�� �U�H�ã�H�W�N�D�V�W�R�P�� �S�R�G�X�� �S�D�� �V�H�� �L�]�J�Q�R�M�D�Y�D�Q�M�H�� �W�H�P�H�O�M�L�� �Q�D�� �W�H�N�X�ü�H�P�� �J�Q�R�M�X���� �S�R�Y�H�ü�D�Y�D�� �V�H��
�S�R�W�U�R�ã�Q�M�D�� �Y�R�G�H�� �]�E�R�J�� �Y�H�ü�L�K�� �S�R�W�U�H�E�D�� �]�D�� �R�G�U�å�D�Y�D�Q�M�H�� �K�L�J�L�M�H�Q�H�� �X staji, npr. kod svinjogojske 
�S�U�R�L�]�Y�R�G�Q�M�H���� �,�Q�W�H�Q�]�L�Y�L�U�D�Q�M�H�P�� �V�W�R�þ�D�U�V�N�H�� �S�U�R�L�]�Y�R�G�Q�M�H���� �W�H�N�X�ü�L�� �V�W�D�M�V�N�L�� �J�Q�R�M�� �N�D�R�� �L�� �Y�R�G�D�� �L�]��
�W�H�K�Q�R�O�R�ã�N�R�J�� �S�U�R�F�H�V�D�� �S�U�R�L�]�Y�R�G�Q�M�H�� �P�R�J�X�� �]�Q�D�þ�D�M�Q�R�� �X�W�M�H�F�D�W�L�� �Q�D�� �Y�R�O�X�P�H�Q�� �J�Q�R�M�R�Y�N�H�� �N�R�M�L�� �X��
�V�O�X�þ�D�M�X���L�V�S�X�ã�W�D�Q�M�D���X���N�D�Q�D�O�H���L�O�L���Q�D���R�W�Y�R�U�H�Q�H���S�R�Y�U�ã�L�Q�H���P�R�å�H��negativno djelovati na vode kao 
�L�]�Y�R�U�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� �S�R�Y�U�ã�L�Q�V�N�L�K�� �L�� �S�R�G�]�H�P�Q�L�K�� �Y�R�G�D�� �Q�L�W�U�D�W�L�P�D�� ���6�D�O�D�M�S�D�O�� �L�� �V�X�U������ �������������� �5�D�G�L��
�V�S�U�M�H�þ�D�Y�D�Q�M�D���R�Q�H�þ�L�ã�ü�H�Q�M�D���Y�R�G�H�����V�X�Y�U�H�P�H�Q�L���S�U�L�P�D�U�Q�L���S�U�R�L�]�Y�R�ÿ�D�þ�L���Q�D���I�D�U�P�D�P�D���L�P�D�M�X���X�U�H�ÿ�D�M�H��
�]�D�� �S�U�H�U�D�G�X�� �Y�R�G�H�� �N�R�M�H�� �U�H�G�R�Y�L�W�R�� �R�G�U�å�D�Y�D�M�X���� �D�� �X�þ�L�Q�N�R�Y�L�W�R�V�W�� �N�R�M�L�K�� �S�R�W�Y�U�ÿ�X�M�X�� �D�Q�D�O�L�]�D�P�D�� �Y�R�G�H��
�S�U�R�Y�H�G�H�Q�L�P���S�U�H�P�D���X�W�Y�U�ÿ�H�Q�L�P���S�O�D�Q�R�Y�L�P�D�����2�V�L�P���W�R�J�D�����R�W�S�D�G�Q�H���Y�R�G�H���L���W�H�N�X�ü�L���J�Q�R�M���R�G�Y�R�G�H���V�H��
�Q�D���Q�D�þ�L�Q���G�D���Q�H���X�W�M�H�þ�X���Q�D���R�S�U�H�P�X���L���G�D���Q�H�P�D�M�X���ã�W�H�W�Q�R�J���X�þ�L�Q�N�D���Q�D���V�L�J�X�U�Q�R�V�W���L���N�Y�D�O�L�W�H�W�X���K�U�D�Q�H����
�3�R�W�H�Q�F�L�M�D�O�Q�L�� �L�]�Y�R�U�L�� �R�Q�H�þ�L�ã�ü�H�Q�M�D�� �Y�R�G�D�� �S�U�L�� �Srimarnoj proizvodnji i preradi hrane animalnog 
podrijetla su antibiotici i hormonski pripravci (prirodni i sintetski estrogeni, androgeni, 
�S�U�R�J�H�V�W�D�J�H�Q�L�����N�R�M�L���V�H���V�W�R�F�L���G�D�M�X���U�D�G�L���E�U�å�H�J���U�D�V�W�D�����Q�D�G�]�R�U�D���U�H�S�U�R�G�X�N�F�L�M�H�����E�R�O�M�H�J���S�U�L�Q�R�V�D���P�H�V�D����
�S�R�Y�H�ü�D�Q�H�� �S�U�R�L�]�Y�R�G�Q�M�H�� �P�O�L�M�H�N�D�� �L�O�L�� �M�D�M�D�� �W�H�� �V�S�U�M�H�þ�D�Y�D�Q�M�D�� �L�� �O�L�M�H�þ�H�Q�M�D�� �L�Q�I�H�N�F�L�M�D�� ���.�O�D�S�H�F���� ��������������
�$�Q�W�L�E�L�R�W�L�F�L���V�H���L�]�O�X�þ�X�M�X���L�]���R�U�J�D�Q�L�]�P�D���W�H���N�D�R���U�H�]�L�G�X�H���X�O�D�]�H���X���R�W�S�D�G�Q�H���Y�R�G�H�����L�Q�G�X�V�W�U�L�M�V�N�H���Y�R�G�H����
�U�L�M�H�N�H�� �L�� �M�H�]�H�U�D���� �R�G�Q�R�V�Q�R�� �X�� �R�N�R�O�L�ã�� �S�D�� �S�U�L�P�D�U�Q�L�� �S�U�R�L�]�Y�R�ÿ�D�þ�L�� �K�U�D�Q�H�� �X�W�Y�U�ÿ�X�M�X�� �S�R�W�U�H�E�X�� �]�D��
primjenom i upotrebljavaju odobrene veterinarsko-medicinske proizvode i dodatke hrani 
�]�D���å�L�Y�R�W�L�Q�M�H�����Y�R�G�H���H�Y�L�G�H�Q�F�L�M�X���R���Q�M�L�K�R�Y�R�M���S�U�L�P�M�H�Q�L�����U�H�G�R�Y�L�W�R���N�R�Q�W�U�R�O�L�U�D�M�X���Q�M�L�K�R�Y�X���H�Y�H�Q�W�X�D�O�Q�X��
�S�U�L�V�X�W�Q�R�V�W�� �X�� �K�U�D�Q�L�� �L�� �Y�R�G�L�� �W�H�� �X�� �V�O�X�þ�D�M�X�� �S�U�L�V�X�W�Q�R�V�W�L�� �S�R�G�X�]�L�P�D�M�X�� �R�G�J�R�Y�D�U�D�M�X�ü�H�� �N�R�U�H�N�W�L�Y�Q�H��
mjere. 
 
Dobra higijenska praksa - preduvjet u proizvodnji sigurne hrane  
 
�8�� �O�D�Q�F�X�� �K�U�D�Q�H���� �S�U�L�O�L�N�R�P�� �S�U�H�U�D�G�H�� �Q�D�P�L�U�Q�L�F�D�� �E�L�O�M�Q�R�J�� �L�� �å�L�Y�R�W�L�Q�M�V�N�R�J�� �S�R�G�U�L�M�H�W�O�D���� �R�V�Q�R�Y�Q�L�� �F�L�O�M��
�S�U�R�L�]�Y�R�ÿ�D�þ�D�� �K�U�D�Q�H�� �M�H�� �S�U�R�L�]�Y�H�V�W�L�� �]�G�U�D�Y�V�W�Y�H�Q�R�� �L�V�S�U�D�Y�Q�X���� �V�L�J�X�U�Q�X�� �K�U�D�Q�X�� �W�H�� �W�L�P�H�� �V�P�D�Q�M�L�W�L��
pojavnost �E�R�O�H�V�W�L�� �X�]�U�R�N�R�Y�D�Q�L�K�� �W�U�R�Y�D�Q�M�L�P�D�� �K�U�D�Q�R�P���� �S�R�Y�H�ü�D�W�L�� �U�D�G�Q�X�� �S�U�R�G�X�N�W�L�Y�Q�R�V�W�� �L��
�J�R�V�S�R�G�D�U�V�N�L�� �Q�D�S�U�H�G�D�N�� ���0�D�Q�G�L�ü�� �L�� �V�X�U������ �������������� �3�R�M�D�P�� �Ä�V�L�J�X�U�Q�D�� �K�U�D�Q�D�´�� �V�Y�H�� �M�H�� �þ�H�ã�ü�L�� �X��
svakodnevici, a podrazumijeva prikladnost hrane za prehranu ljudi u skladu s njezinom 
�Q�D�P�M�H�Q�R�P�� ���-�H�O�L�þ�L�ü���L�� �V�X�U������ �������������� �6�� �R�E�]�L�U�R�P�� �Q�D�� �W�X�� �G�H�I�L�Q�L�F�L�M�X���� �V�L�J�X�U�Q�X�� �K�U�D�Q�X�� �P�R�J�X�ü�H�� �M�H��
proizvesti uz osiguranje dobre higijenske prakse (DHP) i sanitacijskih standardnih 
�R�S�H�U�D�W�L�Y�Q�L�K���S�R�V�W�X�S�D�N�D�����6�6�2�3�����X���S�U�R�L�]�Y�R�G�Q�R�P���S�R�J�R�Q�X�����G�R�E�U�H���S�U�R�L�]�Y�R�ÿ�D�þ�N�H���S�U�D�N�V�H�����'�3�3�����L��
standardnih operativnih postupaka (SOP), tj. nadzor proizvodnog procesa te pravodobne 
�U�H�D�N�F�L�M�H���S�U�L���S�R�M�D�Y�L���R�G�U�H�ÿ�H�Q�L�K���S�U�R�E�O�H�P�D�����'�R�E�U�D���K�L�J�L�M�H�Q�V�N�D���S�U�D�N�V�D�����'�+�3�����R�E�X�K�Y�D�ü�D���K�L�J�L�M�H�Q�X��
�R�N�R�O�L�ã�D���S�U�L���S�U�L�P�D�U�Q�R�M���S�U�R�L�]�Y�R�G�Q�M�L�����R�G�Q�R�V�Q�R���U�D�]�P�D�W�U�D�Q�M�H���S�R�W�H�Q�F�L�M�D�O�Q�L�K���L�]�Y�R�U�D���R�Q�H�þ�L�ã�ü�H�Q�M�D���L�]��
�R�N�R�O�L�ã�D���� �K�L�J�L�M�H�Q�V�N�X�� �S�U�R�L�]�Y�R�G�Q�M�X�� �K�U�D�Q�H�� ���V�D�Q�L�W�D�F�L�M�X�� �S�U�R�L�]�Y�R�G�Q�R�J�� �S�R�J�R�Q�D�� �L�� �X�U�H�ÿ�D�M�D����
�R�G�U�å�D�Y�D�Q�M�H�� �X�U�H�ÿ�D�M�D�� �L�� �R�S�U�H�P�H�� �W�H�� �R�V�R�E�Q�X�� �K�L�J�L�M�H�Q�D�� �U�D�G�Q�L�N�D������ �R�G�Q�R�V�Q�R�� �N�R�Q�W�U�R�O�X�� �R�Q�H�þ�L�ã�ü�H�Q�M�D��
�S�U�H�K�U�D�P�E�H�Q�L�K���W�Y�D�U�L���S�R�P�R�ü�X���]�U�D�N�D�����W�O�D�����Y�R�G�H���L���G�U�����3�U�R�Y�H�G�E�D���G�R�E�U�H���S�U�D�N�V�H���S�R�G�U�D�]�X�P�L�M�H�Y�D���G�D��
subjekt u posl�R�Y�D�Q�M�X���V���K�U�D�Q�R�P���D�N�W�L�Y�Q�R�V�W�L���S�R�S�X�W���S�U�D�Q�M�D���L���þ�L�ã�ü�H�Q�M�D���R�E�D�Y�O�M�D���S�U�H�P�D���S�U�H�W�K�R�G�Q�R��
�L�]�U�D�ÿ�H�Q�L�P�� �S�O�D�Q�R�Y�L�P�D�� �X�� �N�R�M�L�P�D�� �S�U�R�S�L�V�X�M�H�� �W�N�R���� �ã�W�R���� �N�D�G�D�� �L�� �N�D�N�R�� �þ�L�Q�L�� �W�H�� �R�� �S�U�R�Y�H�G�H�Q�L�P��
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aktivnostima vodi evidencije. Tijekom proizvodnje hrane, od primarne proizvodnje do 
konzumacije, mo�J�X�ü�D���M�H���N�R�Q�W�D�P�L�Q�D�F�L�M�D���S�X�W�H�P���Y�R�G�H�����D���S�R�V�O�M�H�G�L�þ�Q�R���L���K�U�D�Q�H�����N�R�M�D���V�H���X�Y�R�G�L���X��
�S�U�R�L�]�Y�R�G���� �L�O�L�� �V�H�� �N�R�U�L�V�W�L�� �]�D�� �S�U�D�Q�M�H���� �þ�L�ã�ü�H�Q�M�H���� �9�R�G�D�� �P�R�å�H�� �E�L�W�L�� �V�U�H�G�V�W�Y�R�� �S�U�L�M�H�Q�R�V�D��
�P�L�N�U�R�R�U�J�D�Q�L�]�D�P�D���S�D�W�R�J�H�Q�D�� �L�]�� �O�M�X�G�V�N�L�K�� �L�� �å�L�Y�R�W�L�Q�M�V�N�L�K�� �L�]�Y�R�U�D�� �X�� �K�U�D�Q�X���� �W�H�ã�N�L�K�� �P�H�W�D�O�D�� �L�]��
zemlje, organskih �R�Q�H�þ�L�ã�ü�X�M�X�ü�L�K�� �W�Y�D�U�L�� �L�� �H�Q�G�R�N�U�L�Q�L�K�� �G�L�V�U�X�S�W�R�U�D�� �L�]�� �R�N�R�O�L�ã�D�� �X�� �S�U�H�K�U�D�P�E�H�Q�L��
�O�D�Q�D�F���� �6�W�R�J�D�� �V�H�� �S�U�R�L�]�Y�R�ÿ�D�þ�L�� �W�L�M�H�N�R�P�� �S�U�R�L�]�Y�R�G�Q�M�H�� �S�U�L�G�U�å�D�Y�D�M�X�� �P�M�H�U�D�� �S�U�R�S�L�V�D�Q�L�K��
�P�H�ÿ�X�Q�D�U�R�G�Q�L�P�� �V�W�D�Q�G�D�U�G�R�P�� �&�R�G�H�[�� �$�O�L�P�H�Q�W�D�U�L�X�V�� �L�� �]�D�N�R�Q�V�N�R�P�� �U�H�J�X�O�D�W�L�Y�R�P���� �3�U�H�P�D�� �&�R�G�H�[��
Alimentarius-�X�� �Ä�S�L�W�N�D�� �Y�R�G�D�� �W�U�Hba biti sukladna specifikacijama u zadnjem izdanju 
�6�P�M�H�U�Q�L�F�D�� �]�D�� �S�L�W�N�X�� �Y�R�G�X�� �:�+�2�� ���*�X�L�G�H�O�L�Q�H�V�� �I�R�U�� �'�U�L�Q�N�L�Q�J�� �:�D�W�H�U�� �4�X�D�O�L�W�\���� �L�O�L�� �Y�L�ã�H�J��
�V�W�D�Q�G�D�U�G�D�³�� ���&�$�&���5�&�3�� ��-1969, Rev 4-2003). U rukovanju hranom i proizvodnji hrane 
treba koristiti samo pitku vodu, osim za proizv�R�G�Q�M�X���S�D�U�H�����J�D�ã�H�Q�M�H���S�R�å�D�U�D�����K�O�D�ÿ�H�Q�M�H���L���G�U�X�J�H��
�V�O�L�þ�Q�H���V�Y�U�K�H���J�G�M�H���Q�H�ü�H���R�Q�H�þ�L�V�W�L�W�L���K�U�D�Q�X�����7�U�H�E�D���L�P�D�W�L���R�G�Y�R�M�H�Q�L�����R�]�Q�D�þ�H�Q���V�X�V�W�D�Y���Y�R�G�H���N�R�M�L���Q�H��
smije imati spoj sa sustavom pitke vode, niti dozvoliti povrat vode u njega. Osim toga, 
reciklirana voda za ponovnu upot�U�H�E�X�����O�H�G���L���S�D�U�D���W�U�H�E�D�M�X���E�L�W�L���W�U�H�W�L�U�D�Q�L���L���R�G�U�å�D�Y�D�Q�L���Q�D���Q�D�þ�L�Q��
�G�D�� �Q�M�L�K�R�Y�D�� �X�S�R�W�U�H�E�D�� �Q�H�� �X�J�U�R�å�D�Y�D�� �V�L�J�X�U�Q�R�V�W�� �K�U�D�Q�H�� ���&�$�&���5�&�3�� ��-1969, Rev 4-2003). 
Ukoliko se proizvodni objekt opskrbljuje vodom iz privatnih izvora, npr. iz bunara, jezera, 
spremnika oborinskih voda���� �S�U�R�L�]�Y�R�ÿ�D�þ�� �M�H�� �R�E�D�Y�H�]�D�Q�� �N�R�U�L�V�W�L�W�L�� �V�S�U�H�P�Q�L�N�H�� �L�� �F�L�M�H�Y�L�� �R�G��
�S�U�L�N�O�D�G�Q�L�K�� �P�D�W�H�U�L�M�D�O�D���� �U�H�G�R�Y�L�W�R�� �S�U�R�Y�R�G�L�W�L�� �þ�L�ã�ü�H�Q�M�H�� �L�� �R�G�U�å�D�Y�D�Q�M�H�� �V�X�V�W�D�Y�D���� �S�U�R�Y�R�G�L�W�L��
dezinfekciju vode, odnosno uspostaviti sustav samokontrole opskrbe vodom temeljen na 
�Q�D�þ�H�O�L�P�D�� �+�$�&�&�3-a (Koprivnjak, 2014). Posljednjih godina u Republici Hrvatskoj 
napravljeni su i usvojeni brojni zakonski propisi, prije svega Zakon o hrani (Narodne 
�Q�R�Y�L�Q�H�������������������������X���F�L�O�M�X���X�V�N�O�D�ÿ�L�Y�D�Q�M�D���V���R�Q�L�P�D���N�R�M�L���V�X���Q�D���V�Q�D�]�L���X���]�H�P�O�M�D�P�D���(�X�U�R�S�V�N�H���X�Q�L�M�H����
�D�� �þ�L�M�L�P�� �E�L�� �V�H�� �S�U�R�Y�R�ÿ�H�Q�M�H�P�� �W�U�H�E�D�Oa osigurati proizvodnja zdravstveno ispravne i sigurne 
�K�U�D�Q�H���� �6�X�E�M�H�N�W�L�� �X�� �S�R�V�O�R�Y�D�Q�M�X�� �K�U�D�Q�R�P�� �S�U�H�P�D�� �Y�D�å�H�ü�R�M�� �]�D�N�R�Q�V�N�R�M�� �U�H�J�X�O�D�W�L�Y�L�� �N�R�Q�W�U�R�O�L�U�D�M�X��
�S�U�R�L�]�Y�R�G�H�� �L�� �S�U�D�W�H�� �P�L�N�U�R�E�L�R�O�R�ã�N�X�� �L�� �I�L�]�L�N�D�O�Q�R-kemijsku kvalitetu vode na prisutnost 
�]�D�E�U�D�Q�M�H�Q�L�K�� �L�� �Q�H�S�R�å�H�O�M�Q�L�K�� �W�Y�D�U�L�� �N�R�M�H�� �P�R�J�X�� �X�J�U�R�]�L�W�L�� �]�G�U�D�Y�O�M�H�� �O�M�X�G�L�� �L�� �å�L�Y�R�W�L�Q�M�D���� �8�� �V�O�X�þ�D�M�X��
�S�R�M�D�Y�Q�R�V�W�L���Q�H�S�R�å�H�O�M�Q�L�K���L�O�L���]�D�E�U�D�Q�M�H�Q�L�K���W�Y�D�U�L���X���K�U�D�Q�L���L�O�L���Y�R�G�L���S�R�G�X�]�L�P�D�M�X���N�R�U�H�N�W�L�Y�Q�H���P�M�H�U�H�� 
 
Voda i energija 
 
�3�R�U�D�V�W�R�P���E�U�R�M�D���V�W�D�Q�R�Y�Q�L�N�D���Q�D���=�H�P�O�M�L�����X�]���S�R�Y�H�ü�D�Q�X���S�R�W�U�H�E�X���L���S�R�W�U�R�ã�Q�M�X���K�U�D�Q�H���L���Y�R�G�H�����U�D�V�W�H���L��
po�W�U�R�ã�Q�M�D���H�Q�H�U�J�L�M�H�����R�V�R�E�L�W�R���X���G�U�å�D�Y�D�P�D���X���U�D�]�Y�R�M�X���S�D���]�Q�D�þ�D�M�D�Q���G�L�R���V�Y�M�H�W�V�N�H���S�R�S�X�O�D�F�L�M�H������������
�P�L�O�L�M�D�U�G�L�� �O�M�X�G�L�����M�R�ã�� �X�Y�L�M�H�N���Q�H�P�D�� �S�U�L�V�W�X�S���H�O�H�N�W�U�L�þ�Q�R�M���H�Q�H�U�J�L�M�L���� �0�H�ÿ�X�R�Y�L�V�Q�R�V�W���H�Q�H�U�J�L�M�H�� �L�� �Y�R�G�H��
�V�H�� �R�þ�L�W�X�M�H�� �N�U�R�]�� �S�R�W�U�H�E�X�� �J�R�W�R�Y�R�� �V�Y�L�K�� �R�E�O�L�N�D�� �H�Q�H�U�J�L�M�H�� �]�D�� �Y�R�G�R�P�� �N�D�R�� �G�L�M�H�O�R�P�� �V�Y�Rg 
proizvodnog procesa i energijom potrebnom za prikupljanje, obradu i isporuku vode. 
�3�U�H�P�D���)�U�D�Q�H�N���L���V�X�U�������������������L�V�S�X�ã�W�D�Q�M�H���V�O�D�W�N�R�Y�R�G�Q�H���Y�R�G�H���]�D���S�U�R�L�]�Y�R�G�Q�M�X���H�Q�H�U�J�L�M�H���þ�L�Q�L������ % 
�X�N�X�S�Q�H���V�Y�M�H�W�V�N�H���S�R�W�U�R�ã�Q�M�H�����:�:�$�3�����������������W�H���V�H���R�þ�H�N�X�M�H���S�R�Y�H�ü�D�Q�M�H���]�D������ % do 2035. Stoga 
�ü�H�� �P�D�N�V�L�P�L�]�L�U�D�Q�M�H�� �X�þ�L�Q�N�R�Y�L�W�R�V�W�L�� �N�R�U�L�ã�W�H�Q�M�D�� �Y�R�G�H�� �X�� �H�O�H�N�W�U�D�Q�D�P�D�� �E�L�W�L�� �N�O�M�X�þ�Q�D�� �R�G�U�H�G�Q�L�F�D�� �X��
postizanju �R�G�U�å�L�Y�H���E�X�G�X�ü�H���Y�R�G�H�����6�O�L�N�D�������� 
�3�U�H�P�G�D���G�D�Q�D�V���M�R�ã���X�Y�L�M�H�N���S�U�H�Y�O�D�G�D�Y�D���X�S�R�W�U�H�E�D���Q�H�R�E�Q�R�Y�O�M�L�Y�L�K���L�]�Y�R�U�D�����N�R�U�L�ã�W�H�Q�M�H���R�E�Q�R�Y�O�M�L�Y�L�K��
izvora (snaga vode, biomasa i dr.) �M�H���Q�H�R�J�U�D�Q�L�þ�H�Q�R���L���X���N�R�Q�F�H�S�W�X���R�G�U�å�L�Y�R�J���U�D�]�Y�R�M�D���M�H�G�Q�R���R�G��
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�U�M�H�ã�H�Q�M�D�� �M�H�� �]�Q�D�þ�D�M�Q�R�� �S�R�Y�H�ü�D�Q�M�H�� �Q�M�L�K�R�Y�D�� �N�R�U�L�ã�W�H�Q�M�D���� �3�R�V�O�M�H�G�Q�M�L�K�� �G�H�V�H�W�O�M�H�ü�D�� �M�H�� �S�U�R�L�]�Y�R�G�Q�M�D��
�H�Q�H�U�J�L�M�H�� �X�� �K�L�G�U�R�H�O�H�N�W�U�D�Q�D�P�D�� �X�W�U�R�V�W�U�X�þ�H�Q�D�� �W�H�� �V�H�� �V�P�D�W�U�D�� �G�D�� �M�H�� �L�V�N�R�U�L�ã�W�H�Q�R�� ���� % svjetskog 
hidroenergetskog potencijala (Herceg, 2013). Dobro je poznato da bioplin ima mnoge 
�S�U�H�G�Q�R�V�W�L�����S�U�L�M�H���V�Y�H�J�D���H�N�R�Q�R�P�L�þ�Q�R�V�W���L���S�R�]�L�W�L�Y�D�Q���X�W�M�H�F�D�M���Q�D���R�N�R�O�L�ã���� �X���X�V�S�R�U�H�G�E�L���V���N�O�D�V�L�þ�Q�L�P��
izvorima energije poput fosilnih goriva. Proizvodi se u specijaliziranim postrojenjima kroz 
�S�U�R�F�H�V�� �E�L�R�O�R�ã�Ne anaerobne razgradnje, koju mogu uzrokovati psihrotropne, mezofilne ili 
�W�H�U�P�R�I�L�O�Q�H���U�H�D�N�F�L�M�H���� �=�D�� �U�H�D�N�F�L�M�H�� �V�H�� �P�R�J�X�� �N�R�U�L�V�W�L�W�L�� �U�D�]�O�L�þ�L�W�L�� �W�L�S�R�Y�L�� �V�X�S�V�W�U�D�W�D���� �D���V�D�V�W�R�M�H�� �V�H�� �R�G��
energetskih usjeva (kukuruz, sudanska trava) ili biorazgradivog otpada (prehrambeni 
otpad, otpad iz prehrambene industrije). Prema Hoogeveen i sur. (2009) proizvodnja 
�W�H�N�X�ü�H�J���E�L�R�J�R�U�L�Y�D���W�D�N�R�ÿ�H�U���V�W�D�Y�O�M�D���S�U�L�W�L�V�D�N���Q�D���Y�R�G�Q�H���U�H�V�X�U�V�H��- voda potrebna za proizvodnju 
�M�H�G�Q�H���O�L�W�U�H���W�H�N�X�ü�H�J�� �E�L�R�J�R�U�L�Y�D�� �M�H�� �R�W�S�U�L�O�L�N�H�� �N�R�O�L�þ�L�Q�D���S�R�W�U�H�E�Q�D���]�D�� �S�U�R�L�]�Y�R�G�Q�M�X���K�U�D�Q�H���]�D���Mednu 
osobu za jedan dan. 
 

 
 

Slika 2. Sigurnost hrane, dostupnost vode i sigurnost energije ���S�U�L�O�D�J�R�ÿ�H�Q�R���S�U�H�P�D���6�P�D�M�J�O���L���V�X�U���������������� 
Figure 2. Food safety, water availability and energy safety (adapted according to Smajgl et al., 

2016) 
 
Zdravo funkcioniranje ekosustava za zdravu vodu 
 
�(�N�R�V�X�V�W�D�Y�L�����ã�X�P�H�����P�R�þ�Y�D�U�H���L���W�U�D�Y�Q�M�D�F�L�����N�O�M�X�þ�Q�L���V�X���L���N�U�L�W�L�þ�Q�L���G�L�R���J�O�R�E�D�O�Q�R�J���N�U�X�å�H�Q�M�D���Y�R�G�H���X��
prirodi. Sva slatka voda ovisi o kontinuiranom zdravom funkcioniranju ekosustava, a 
prepoznavanje vodnog ciklusa kao proces�D�� �N�O�M�X�þ�Q�R�� �M�H�� �]�D�� �S�R�V�W�L�]�D�Q�M�H�� �R�G�U�å�L�Y�R�J�� �X�S�U�D�Y�O�M�D�Q�M�D��
�Y�R�G�D�P�D���� �(�N�R�V�X�V�W�D�Y�L�� �X�E�O�D�å�D�Y�D�M�X�� �S�R�V�O�M�H�G�L�F�H�� �S�R�S�O�D�Y�D�� �L�� �V�X�ã�H���� �Ä�8�V�O�X�J�H�´�� �H�N�R�V�X�V�W�D�Y�D�� ��Slika 3) 
�S�U�L�G�R�Q�R�V�H���S�U�R�þ�L�ã�ü�D�Y�D�Q�M�X���R�W�S�D�G�Q�L�K���Y�R�G�D�����3�U�R�F�H�V���S�U�R�þ�L�ã�ü�D�Y�D�Q�M�D���Y�R�G�H���X���Y�R�G�H�Q�L�P���L���N�R�S�Q�H�Q�L�P��
�H�N�R�V�X�V�W�D�Y�L�P�D�� �R�P�R�J�X�ü�X�M�H�� �R�S�V�N�U�E�O�M�L�Y�D�Q�M�H�� �Y�R�G�R�P�� �N�R�M�D�� �M�H�� �S�R�J�R�G�Q�D�� �]�D�� �S�L�ü�H���� �L�Q�G�X�V�W�U�L�M�X����
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�U�H�N�U�H�D�F�L�M�X���L���V�W�D�Q�L�ã�W�H���E�U�R�M�Q�L�P���E�L�O�M�Q�L�P���L���å�L�Y�R�W�L�Q�M�V�N�L�P���R�U�J�D�Q�L�]�P�L�P�D�����7�D�N�R�ÿ�H�U�����U�H�V�X�U�V�L���X�J�U�D�ÿ�H�Q�L��
�X���R�W�S�D�G�Q�H���Y�R�G�H�����X�N�O�M�X�þ�X�M�X�ü�L���K�U�D�Q�M�L�Y�H���W�Y�D�U�L���L���R�U�J�D�Q�V�N�L���X�J�O�M�L�N�����P�R�J�X���V�H���N�R�U�L�V�W�L�W�L���]�D���R�S�R�U�D�Y�D�N��
�H�N�R�V�X�V�W�D�Y�D�� �X�� �R�G�J�R�Y�D�U�D�M�X�ü�L�P�� �R�N�R�O�Q�R�V�W�L�P�D���� �S�R�E�R�O�M�ã�D�Y�D�M�X�ü�L�� �Ä�X�V�O�X�J�H�´�� �H�N�R�V�X�V�W�D�Y�D�� �V�� �J�O�D�Y�Q�L�P��
�S�U�H�G�Q�R�V�W�L�P�D���]�D���J�R�V�S�R�G�D�U�V�W�Y�R���L���G�U�X�ã�W�Y�R���X���F�M�H�O�L�Q�L�����$�N�W�X�D�O�Q�D���M�H���S�U�R�P�M�H�Qa ove paradigme, pri 
�þ�H�P�X�� �V�H�� �H�N�R�V�X�V�W�D�Y�L�� �S�U�H�S�R�]�Q�D�M�X�� �N�D�R�� �V�D�V�W�D�Y�Q�L�� �G�L�R�� �U�D�]�Y�R�M�Q�L�K�� �U�M�H�ã�H�Q�M�D���� �7�R�� �R�G�U�D�å�D�Y�D�� �N�R�U�D�N�H��
�N�R�M�L�� �V�H�� �S�R�G�X�]�L�P�D�M�X�� �]�D�� �E�R�O�M�H�� �L�Q�W�H�J�U�L�U�D�Q�R�� �X�S�U�D�Y�O�M�D�Q�M�H�� �Y�R�G�Q�L�P�� �U�H�V�X�U�V�L�P�D���� �D�� �W�L�P�H�� �L�� �R�G�U�å�L�Y�L�M�L��
razvoj (http://www.unwater.org/water-facts/ecosystems). 
 

 
 

Slika 3. �Ä�8�V�O�X�J�H�´���H�N�R�V�X�V�W�D�Y�D�����S�U�L�O�D�J�R�ÿ�H�Q�R���S�U�H�P�D�� 
https://www.who.int/globalchange/ecosystems/en/) 

Figure 3. Ecosystem "services" (adapted adapted according to 
https://www.who.int/globalchange/ecosystems/en/) 

 
�=�D�N�O�M�X�þ�D�N���R���N�O�M�X�þ�X���R�G�U�å�L�Y�R�J���U�D�]�Y�R�M�D 
 
Kontinuiranim porastom broja stanovnika na Zemlji, urbanizacijom i industrijalizacijom 
�Q�H�S�U�H�V�W�D�Q�R���V�H�� �S�R�Y�H�ü�D�Y�D�M�X���S�R�W�U�H�E�H���]�D�� �Y�R�G�R�P���� �K�U�D�Q�R�P�� �L�� �H�Q�H�U�J�L�M�R�P���� �H�O�H�P�H�Q�W�D�U�Q�L�P�� �X�Y�M�H�W�L�P�D��
�R�S�V�W�D�Q�N�D�� �O�M�X�G�L���� �6�� �F�L�O�M�H�P�� �R�V�L�J�X�U�D�Q�M�D�� �R�V�Q�R�Y�Q�L�K�� �å�L�Y�R�W�Q�L�K�� �S�R�W�U�H�E�D���� �S�R�U�D�V�W�R�P�� �S�R�O�M�R�S�U�L�Y�U�H�G�Q�H����
�S�U�H�K�U�D�P�E�H�Q�H�� �S�U�R�L�]�Y�R�G�Q�M�H�� �L�� �G�U�X�J�L�P�� �G�M�H�O�D�W�Q�R�V�W�L�P�D�� �þ�R�Y�M�H�N�� �Q�H�X�P�M�H�U�H�Q�R�� �U�D�V�S�R�O�D�å�H�� �Y�R�G�D�P�D��
���Q�H�S�U�R�þ�L�ã�ü�D�Y�D�� �R�W�S�D�G�Q�H�� �Y�R�G�H���� �]�D�J�D�ÿ�X�M�H�� �Y�R�G�R�W�R�N�R�Y�H���� �L�V�S�X�P�S�D�Y�D�� �S�R�G�]�H�P�Q�H�� �Y�R�G�H������
�Q�H�X�P�M�H�U�H�Q�R���W�U�R�ã�L���L���R�Q�H�þ�L�ã�ü�X�M�H���Y�R�G�H���þ�L�P�H���X�]�U�R�N�X�M�H���V�Y�H���Y�H�ü�L���Q�H�G�R�V�W�D�W�D�N���Y�R�G�H���N�D�R���U�H�V�X�U�V�D���L���X��
�N�R�Q�D�þ�Q�L�F�L�� �X�J�U�R�å�D�Y�D�� �E�L�R�U�D�]�Q�R�O�L�N�R�V�W�� �L�� �R�S�V�W�D�Q�D�N�� �H�N�R�V�X�V�W�D�Y�D���� �8���O�D�Q�F�X�� �K�U�D�Q�H�� �Ä�R�G�� �S�R�O�M�D�� �G�R��
�V�W�R�O�D�³�� �V�X�Y�U�H�P�H�Q�L�� �S�U�R�L�]�Y�R�ÿ�D�þ�L�� �K�U�D�Q�H�� �Q�D�V�W�R�M�H�� �S�U�H�N�L�Q�X�W�L�� �W�U�H�Q�G�R�Y�H�� �G�H�J�U�D�G�D�F�L�M�H�� �L�� �V�D�þ�X�Y�D�W�L��
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vode i hrane mikroorganizmima, kemijskim i fizikalnim agensim�D�� �W�H�� �S�U�D�W�H�ü�L�� �]�D�N�R�Q�V�N�X��

http://www.unwater.org/water-facts/ecosystems
https://www.who.int/globalchange/ecosystems/en/
https://www.who.int/globalchange/ecosystems/en/
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WATER, FOOD AND ENERGY �± KEY FOR SUSTAINABLE 
DEVELOPMENT  

UDC: 628.1 : 574.5 

�,�U�H�Q�D���.�L�ã�P�D�U�W�L�Q�����,�U�H�O�O�D���%�R�J�X�W�����ä�H�O�M�N�R���3�R�S�R�Y�L�ü 
 
Josip Juraj Strossmayer University of Osijek, Faculty of Education, Department of Natural 
Sciences, Cara Hadrijana 10, 31000 Osijek, Croatia 

review paper 
Summary 

 
One of the aims of sustainable development is "Water for all up to 2030". This means that it is 
necessary to find a solution for billions of people, who still do not have access to drinking water to 
ensure healthy water, and therefore health and safe food. With the increase of world population, 
economic growth and the change in diet, water demand is being increased, agricultural areas are 
being expanded, industrial production is being increased, and thus the amount of wastewater. The 
largest consumer of the world's aquatic resources is the farming sector / industry, which consumes a 
quarter of the total energy needed precisely for the production of food. In modern agricultural and 
industrial food production, in order to produce health-related food and preserve the environment, 
manufacturers continuously, following the current legislation, monitor the quality and health of the 
water on the one hand, and management of the water resources and ecosystem protection on the 
other hand. According to the World Wild Foundation, the demands of people for resources have an 
�L�P�S�D�F�W�� �R�Q�� �H�F�R�V�\�V�W�H�P�V�¶�� �K�H�D�O�W�K���� �D�Q�G�� �S�U�H�F�L�V�H�O�\�� �W�K�H�� �K�H�D�O�W�K�� �R�I�� �W�K�H�� �H�F�R�V�\�V�W�H�P�� �D�I�I�H�F�W�V�� �W�K�H�� �D�E�L�O�L�W�\�� �W�R��
provide them. Food, water and energy security are closely linked, interdependent and significant for 
the existence of ecosystems. In this paper, the measures implemented in the agri-food chain, such as 
the precise irrigation and reuse of water, that indirectly affect biodiversity and are key to sustainable 
development, will be shown. 
 
Keywords: drinking water, safe food, sustainable development 
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�7�U�J�R�Y�D�þ�N�R���G�U�X�ã�W�Y�R���+�L�G�U�R�L�Q�J���G���R���R���2�V�L�M�H�N��osnovano je 1990. godine kao tvrtka u privatnom 
�Y�O�D�V�Q�L�ã�W�Y�X�� �L�� �U�H�J�L�V�W�U�L�U�D�Q�R�� �X�� �7�U�J�R�Y�D�þ�N�R�P�� �V�X�G�X�� �X�� �2�V�L�M�H�N�X�� �]�D�� �R�E�D�Y�O�M�D�Q�M�H�� �G�M�H�O�D�W�Q�R�V�W�L��
�S�U�R�M�H�N�W�L�U�D�Q�M�D�����Q�D�G�]�R�U�D�����N�R�Q�]�D�O�W�L�Q�J�D���L���L�Q�å�H�Q�M�H�U�L�Q�J�D���X���S�R�G�U�X�þ�M�X���Y�R�G�Q�R�J���J�R�V�S�R�G�D�U�V�W�Y�D�� 
 
Tvrtka je specijalizirana za izradu projektn�H�� �G�R�N�X�P�H�Q�W�D�F�L�M�H�� �L�� �N�R�Q�]�D�O�W�L�Q�J�� �Q�D�� �S�R�G�U�X�þ�M�X��
�N�R�P�X�Q�D�O�Q�H���K�L�G�U�R�W�H�K�Q�L�N�H���L���K�L�G�U�R�W�H�K�Q�L�þ�N�L�K���R�E�M�H�N�D�W�D�����3�R�G�U�X�þ�M�H���G�M�H�O�D�W�Q�R�V�W�L���R�E�X�K�Y�D�ü�D�����V�X�V�W�D�Y�H��
�Y�R�G�R�R�S�V�N�U�E�H�� �L�� �R�E�U�D�G�H�� �Y�R�G�H�� �]�D�� �S�L�ü�H���� �R�G�Y�R�G�Q�M�H�� �L�� �S�U�R�þ�L�ã�ü�D�Y�D�Q�M�D�� �R�W�S�D�G�Q�L�K�� �Y�R�G�D���� �V�X�V�W�D�Y�L�� �]�D��
navodnjavanje, regulacije vodotoka i pro�M�H�N�W�H�� �]�D�ã�W�L�W�H�� �R�G�� �ã�W�H�W�Q�R�J�� �G�M�H�O�R�Y�D�Q�M�D�� �Y�R�G�D����
�S�U�R�M�H�N�W�L�U�D�Q�M�H�� �O�X�N�D�� �X�� �U�L�M�H�þ�Q�R�P�� �S�U�R�P�H�W�X���� �W�H�� �Q�D�G�]�R�U�� �Q�D�G�� �L�]�Y�R�ÿ�H�Q�M�H�P�� �V�Y�L�K�� �K�L�G�U�R�W�H�K�Q�L�þ�N�L�K��
objekata. 
 
�â�L�U�R�N�L�� �V�S�H�N�W�D�U�� �G�M�H�O�D�W�Q�R�V�W�L�� �R�E�X�K�Y�D�ü�D�� �L�]�U�D�G�X�� �V�W�X�G�L�M�V�N�H�� �G�R�N�X�P�H�Q�W�D�F�L�M�H�� �]�D�� �S�U�R�M�H�N�W�H�� �N�R�M�L�� �V�H��
financiraju iz EU fondova, kao i �V�W�X�G�L�M�H�� �X�W�M�H�F�D�M�D�� �Q�D�� �R�N�R�O�L�ã�� �L�� �H�O�D�E�R�U�D�W�H�� �]�D�ã�W�L�W�H�� �R�N�R�O�L�ã�D�� �L�]��
�S�R�G�U�X�þ�M�D���K�L�G�U�R�W�H�K�Q�L�N�H���L���]�E�U�L�Q�M�D�Y�D�Q�M�D���R�W�S�D�G�D�� 
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Geobrugg �± �1�R�V�L�Y�H���P�U�H�å�H���R�G���Y�L�V�R�N�R�Y�U�L�M�H�G�Q�R�J���þ�H�O�L�N�D���S�R�Y�H�ü�D�Y�D�M�X���9�D�ã�X���V�L�J�X�U�Q�R�V�W 

�*�H�R�E�U�X�J�J���M�H���Q�H�R�Y�L�V�Q�D���N�R�R�U�S�R�U�D�F�L�M�D���X���V�N�O�R�S�X���%�U�X�J�J���*�U�R�X�S���V�D���V�M�H�G�L�ã�W�H�P���X���5�R�P�D�Q�V�K�R�U�Q�X���X��
�â�Y�L�F�D�U�V�N�R�M�����6���Y�L�ã�H���R�G�����������V�W�U�X�þ�Q�M�D�N�D�����S�U�R�L�]�Y�R�G�Q�L�P���S�R�J�R�Q�L�P�D���Q�D�������N�R�Q�W�L�Q�H�Q�W�D���W�H��partnerima 
�L�� �S�U�H�G�V�W�D�Y�Q�L�ã�W�Y�L�P�D�� �X�� �Y�L�ã�H�� �R�G�� ������ �]�H�P�D�O�M�D���� �*�H�R�E�U�X�J�J�� �M�H�� �X�� �P�R�J�X�ü�Q�R�V�W�L�� �S�R�V�Y�H�W�L�W�L�� �V�H�� �V�Y�D�N�R�P��
klijentu te ponuditi niz usluga, savjetovanja, projektiranja, testiranja i ugradnju 
�R�G�J�R�Y�D�U�D�M�X�ü�H�J���V�X�V�W�D�Y�D���]�D�ã�W�L�W�H�� 

Sigurnost nam je u prirodi���� �9�R�ÿ�H�Q�L�� �R�Y�R�P�� �I�L�O�Rzofijom, Geobrugg razvija i proizvodi 
�V�X�V�W�D�Y�H���]�D�ã�W�L�W�H���R�G���þ�H�O�L�þ�Q�L�K���å�L�þ�D�Q�L�K���P�U�H�å�D���N�R�U�L�V�W�H�ü�L���å�L�F�H���R�G���Y�L�V�R�N�R�Y�U�L�M�H�G�Q�R�J���þ�H�O�L�N�D���]�D���]�D�ã�W�L�W�X��
�R�G�� �S�U�L�U�R�G�Q�L�K�� �Q�H�S�R�J�R�G�D�� �N�D�R�� �ã�W�R�� �V�X�� �R�G�U�R�Q�L�� �V�W�L�M�H�Q�D�� �L�� �N�D�P�H�Q�M�D���� �N�O�L�]�L�ã�W�D���� �Q�D�Q�R�V�L�� �X�� �E�X�M�L�F�Dma i 
�V�Q�M�H�å�Qe lavine�����6���Y�L�ã�H���R�G���������J�R�G�L�Q�D �L�V�N�X�V�W�Y�D���*�H�R�E�U�X�J�J���M�H���J�O�R�E�D�O�Q�L���O�L�G�H�U���X���S�R�G�U�X�þ�M�X���]�D�ã�W�L�W�H��
�O�M�X�G�L�� �L�� �L�P�R�Y�L�Q�H�� �R�G�� �S�U�L�U�R�G�Q�L�K�� �Q�H�S�R�J�R�G�D�� �N�D�R�� �ã�W�R�� �V�X���N�O�L�]�L�ã�W�D�� odroni kamenja, nanosi u 
�E�X�M�L�þ�Q�L�P���W�R�N�R�Y�L�P�D���L �V�Q�M�H�å�Qe lavine�����6�Y�R�M�D���U�M�H�ã�H�Q�M�D���U�D�]�Y�L�M�D�P�R���L���X�V�D�Y�U�ã�D�Y�D�P�R���X���V�X�U�D�G�Q�M�L���V�D��
�V�Y�H�X�þ�L�O�L�ã�W�L�P�D�� �L�� �L�Q�V�W�L�W�X�W�L�P�D��diljem svijeta �N�D�R�� �ã�W�R�� �V�X��University of Bern, University of 
Stuttgart, Technical University of Munich, Universty of Claustal, University of Dornbirn i 
RWTH Aachen University. 

�8�� �F�L�O�M�X�� �]�D�ã�W�L�W�H �R�G�� �S�O�L�W�N�L�K�� �N�O�L�]�L�ã�W�D�� �L�� �Q�D�Q�R�V�D�� �X�� �E�X�M�L�þ�Q�L�P�� �W�R�N�R�Y�L�P�D Geobrugg je razvio 
�S�R�V�H�E�Q�D���U�M�H�ã�H�Q�M�D��koja osiguravaju �X�þ�L�Q�N�R�Y�L�W�X �L���R�G�U�å�L�Y�X���]�D�ã�W�L�W�X���R�G���Q�D�Y�H�G�H�Q�L�K���G�R�J�D�ÿ�D�M�D�� 
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HIDROGRADNJA d.o.o.  �M�H���W�U�J�R�Y�D�þ�N�R��
�G�U�X�ã�W�Y�R�����R�V�Q�R�Y�D�Q�R���X���2�V�L�M�H�N�X��������������
godine. Tijekom, preko 25 godina 
kontinuiranog poslovanja, danas smo 
�S�R�W�S�X�Q�R���W�H�K�Q�L�þ�N�L���R�S�U�H�P�O�M�H�Q�L���L���V�W�U�X�þ�Q�R��
osposobljeni za profilirani opseg poslovanja 
�X���S�R�G�U�X�þ�M�X hidrotehnike  i 
niskogradnje.   Kao rezultat na�ã�H�J��
�G�R�V�D�G�D�ã�Q�M�H�J rada i 

razvoja, HIDROGRADNJA je danas pouzdan i kvalitetan poslovni partner, koji ostvaruje vrhunske rezultate u 
�S�R�J�O�H�G�X���N�Y�D�O�L�W�H�W�H�����V�W�U�X�þ�Q�R�V�W�L���L���X�þ�L�Q�N�R�Y�L�W�R�V�W�L���X���L�]�Y�R�ÿ�H�Q�M�X���U�D�G�R�Y�D���V�Y�R�P���R�S�V�H�J�X���G�M�H�O�R�Y�D�Q�M�D�� 

 
�1�D�ã�L�� �]�D�S�R�V�O�H�Q�L�F�L�� �L�P�D�M�X�� �S�R�W�U�H�E�Q�X���Y�L�V�R�N�X�� �V�W�U�X�þ�Q�R�V�W�� �L�� �]�Q�D�þ�D�M�Q�R�� �L�V�N�X�V�W�Y�R���� �W�H�� �S�R�V�M�H�G�X�M�H�P�R svu potrebnu plovnu 
�P�H�K�D�Q�L�]�D�F�L�M�X�����J�U�D�ÿ�H�Y�L�Q�V�N�H���V�W�U�R�M�H�Y�H�����Y�R�]�L�O�D �L���R�V�W�D�O�X���R�S�U�H�P�X���S�R�W�U�H�E�Q�X���]�D���V�D�P�R�V�W�D�O�Q�R���L���N�Y�D�O�L�W�H�W�Q�R���L�]�Y�R�ÿ�H�Q�M�H���V�Y�L�K��
�U�D�G�R�Y�D���L�]���S�R�G�U�X�þ�M�D���K�L�G�U�R�W�H�K�Q�L�N�H�� 
 
�8�� �V�N�O�R�S�X�� �G�U�å�D�Y�Q�L�K�� �S�U�R�J�U�D�P�D�� �5�H�S�X�E�O�L�N�H�� �+�Uvatske u sektoru vodnog gospodarstva i 
hidrotehnike, HIDROGRADNJA d.o.o.  �Y�H�ü�� �S�U�H�N�R�� ������ �J�R�G�L�Q�D���� �N�R�Q�W�L�Q�X�L�U�D�Q�R�� �L�� �X�V�S�M�H�ã�Q�R���L�]�Y�R�G�L�� �V�O�R�å�H�Q�H���J�U�D�ÿ�H�Y�L�Q�V�N�H��
radove na unutarnjim vodama, od kojih posebno izdvajamo:  
usluge preventivne, redovne i izvanredne obrane od poplava , radove na �L�]�J�U�D�G�Q�M�L�� �L�� �X�U�H�ÿ�H�Q�M�X�� �X�Q�X�W�D�U�Q�M�L�K��
plovnih puteva �U�L�M�H�N�D�� �6�D�Y�H���� �'�U�D�Y�H�� �L�� �'�X�Q�D�Y�D�� ���þ�L�ã�ü�H�Q�M�H�� �N�L�Q�H�W�H�� �S�O�R�Y�Q�R�J�� �S�X�W�D�������L�]�J�U�D�G�Q�M�D�� �K�L�G�U�R�W�H�K�Q�L�þ�N�L�K��
objekata  za regulaciju vodotoka  �L�� �]�D�ã�W�L�W�X�� �R�G�� �ã�W�H�W�Q�R�J�� �G�M�H�O�R�Y�D�Q�M�D�� �Y�R�G�D�� ���R�E�D�O�R�X�W�Y�U�G�H���� �S�R�V�P�M�H�U�Q�H�� �J�U�D�G�Q�M�H���� �7-pera i 
sl.) �K�L�G�U�R�W�H�K�Q�L�þ�N�L�� �U�D�G�R�Y�L �S�U�L�� �L�]�J�U�D�G�Q�M�L�� �F�H�V�W�R�Y�Q�L�K�� �L�� �å�H�O�M�H�]�Q�L�þ�N�L�K�� �P�R�V�W�R�Y�D�� �S�U�H�N�R�� �Y�R�G�R�W�R�N�D�� ���]�D�ã�W�L�W�D�� �V�W�X�S�R�Y�D�� �X��
�Y�R�G�R�W�R�N�X���� �]�D�ã�W�L�W�D�� �R�E�D�O�D�� �L�� �V�O�������� �U�D�G�R�Y�L�� �Q�D �L�]�J�U�D�G�Q�M�L�� �O�X�N�D���L�� �S�U�L�V�W�D�Q�L�ã�W�D na unutarnjim plovnim putevima (izmuljenje 
akvatorija, izgradnja priveza, obala i sl.), �L�]�J�U�D�G�Q�M�D�� �K�L�G�U�R�W�H�K�Q�L�þ�N�L�K�� �R�E�M�H�N�D�W�D�� �X�� �]�D�R�E�D�O�M�X��(akumulacije, 
�J�U�D�Y�L�W�D�F�L�M�V�N�H�� �E�U�D�Q�H���� �Q�D�V�L�S�L�� �]�D�� �R�E�U�D�Q�X�� �R�G�� �S�R�S�O�D�Y�D���� �P�H�O�L�R�U�D�F�L�M�V�N�H�� �N�D�Q�D�O�V�N�H���P�U�H�å�H�� �L�� �V�O���������V�W�U�R�M�Q�D�� �N�R�ã�Q�M�D�� �L�� �N�U�þ�H�Q�M�H��
vegetacije.  
 
Sukladno Pravilniku o posadi plovila unutarnje plovidbe (NN 105/16) HIDROGRADNJA d.o.o. iz Osijeka je 

�R�Y�O�D�ã�W�H�Q�R�� �G�U�X�ã�W�Y�R�� �]�D�� �L�]�R�E�U�D�]�E�X�� �R�G�� �V�W�U�D�Q�H�� �0�L�Q�L�V�W�D�U�V�W�Y�D�� �P�R�U�D���� �S�U�R�P�H�W�D�� �L��
�L�Q�I�U�D�V�W�U�X�N�W�X�U�H���N�R�M�H���R�U�J�D�Q�L�]�L�U�D���S�U�L�S�U�H�P�Q�H���W�H�þ�D�M�H�Y�H���]�D���R�V�S�R�V�R�E�O�M�H�Q�R�V�W���E�U�R�G�D�U�D�F�D���L��
zvan�M�D�� �E�U�R�G�D�U�D�F�D�� �X�� �X�Q�X�W�D�U�Q�M�R�M�� �S�O�R�Y�L�G�E�L�� �U�D�G�L�� �V�W�M�H�F�D�Q�M�D�� �V�O�M�H�G�H�ü�L�K�� �V�Y�M�H�G�R�G�å�E�L�� �R��
�V�W�U�X�þ�Q�R�M���L���G�R�S�X�Q�V�N�R�M���R�V�S�R�V�R�E�O�M�H�Q�R�V�W�L���]�D���]�Y�D�Q�M�D�����=�D�S�R�Y�M�H�G�Q�L�N���$�����=�D�S�R�Y�M�H�G�Q�L�N���%����
Zapovjednik C, Mornar, Kormilar i strojar unutarnje plovidbe, Upravljanje 
�S�O�R�Y�L�O�R�P�� �X�]�� �S�R�P�R�ü�� �U�D�G�D�U�D���� �5�X�N�R�Y�D�Q�M�H�� �U�D�G�L�R�W�H�O�H�I�R�Q�V�N�L�P�� �X�U�H�ÿ�D�M�H�P���� �5�X�N�R�Y�D�Q�M�H��
�S�O�R�Y�Q�R�P�� �G�L�]�D�O�L�F�R�P���� �8�S�U�D�Y�O�M�D�Q�M�H�� �S�X�W�Q�L�þ�N�L�P�� �S�O�R�Y�L�O�R�P���� �5�X�N�R�Y�D�Q�M�H�� �S�O�X�W�D�M�X�ü�L�P��
�S�R�V�W�U�R�M�H�Q�M�H�P�����3�R�V�H�E�D�Q���S�U�R�J�U�D�P���R���S�R�V�W�X�S�F�L�P�D���X���V�O�X�þ�D�M�X���R�S�D�V�Q�R�V�W�L���Q�D���S�O�R�Y�L�O�X�� 
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�+�D�F�K�R�Y�� �ã�L�U�R�N�� �D�V�R�U�W�L�P�D�Q�� �L�Q�V�W�U�X�P�H�Q�D�W�D�� �L�� �N�H�P�L�N�D�O�L�M�D���� �S�D�å�O�M�L�Y�R�� �M�H�� �R�V�P�L�ã�O�M�H�Q�� �N�D�N�R�� �E�L�� �D�Q�D�O�L�]�X��
�Y�R�G�H���X�þ�L�Q�L�R���E�R�O�M�R�P��- �E�U�å�R�P�����M�H�G�Q�R�V�W�D�Y�Q�L�M�R�P�����]�H�O�H�Q�L�M�R�P���L���L�Q�I�R�U�P�D�W�L�Y�Q�L�M�R�P�����1�D�ã�L���V�W�U�X�þ�Q�M�D�F�L��
�U�D�]�X�P�L�M�X���9�D�ã�H���D�S�O�L�N�D�F�L�M�H���L���R�G�O�X�þ�Q�L���V�X���9�D�P���S�R�P�R�ü�L���G�D���R�W�N�U�L�M�H�W�H���R�S�W�L�P�D�O�Q�D���U�M�H�ã�H�Q�M�D���]�D���9�D�ã�H��
�V�S�H�F�L�I�L�þ�Q�H���S�R�W�U�H�E�H�� 
 

�2�G���Q�D�ã�H�J�� �R�V�Q�X�W�N�D�� ������������ �Y�R�G�L�O�L�� �V�P�R���L�Q�G�X�V�W�U�L�M�X���X�� �U�D�]�Y�R�M�X���L�Q�R�Y�D�W�L�Y�Q�L�K���U�M�H�ã�H�Q�M�D�� �N�R�M�D�� �ü�H�� �Y�D�P��
�S�R�P�R�ü�L���X�þ�L�Q�N�R�Y�L�W�L�M�H���L���S�U�H�F�L�]�Q�L�M�H���X�S�U�D�Y�O�M�D�W�L���Y�R�G�R�P�����'�D�Q�D�V���V�H���+�D�F�K�R�Y�L���S�U�R�L�]�Y�R�G�L���P�R�J�X���Q�D�ü�L��
�G�L�O�M�H�P�� �V�Y�L�M�H�W�D�� �L�� �N�R�U�L�V�W�H�� �V�H�� �X�� �U�D�]�O�L�þ�L�W�L�P�� �J�U�D�Q�D�P�D�� �L�Q�G�X�V�W�U�L�M�H���� �R�G�� �Y�R�G�H�� �]�D�� �S�L�ü�H�� �L�� �N�R�P�X�Q�D�O�Q�L�K��
�R�W�S�D�G�Q�L�K�� �Y�R�G�D���� �G�R�� �L�Q�X�V�W�U�L�M�D�� �S�U�H�U�D�G�H�� �K�U�D�Q�H���� �S�U�R�L�]�Y�R�G�Q�M�H�� �S�L�ü�D�� �L�� �H�Q�H�U�J�L�M�H���� �W�H�� �V�Y�D�N�H�� �G�U�X�J�H��
djelatnosti koja dodiruje vodu. 
 

�1�D�ã�D���0�L�V�L�M�D�� 
Osigurati kvalitetu vode ljudima diljem svijeta. 
 

�1�D�ã�D���9�L�]�L�M�D�� 
Mi analize vode radimo bolje �± �E�U�å�H�����M�H�G�Q�R�V�W�D�Y�Q�L�M�H�����H�N�R�O�R�ã�N�L���S�U�L�K�Y�D�W�O�M�L�Y�L�M�H���L���S�U�L�V�W�X�S�D�þ�Q�L�M�H�����X��
�V�X�U�D�G�Q�M�L�� �V�� �Q�H�Q�D�G�P�D�ã�Q�L�P�� �S�D�U�W�Q�H�U�L�P�D���� �R�E�U�D�]�R�Y�D�Q�L�P���V�W�U�X�þ�Q�M�D�F�L�P�D���� �W�H�� �S�R�P�R�ü�X�� �S�R�X�]�G�D�Q�L�K��
�S�U�R�L�]�Y�R�G�D���N�R�M�L���V�X���M�H�G�Q�R�V�W�D�Y�Q�L���]�D���N�R�U�L�ã�W�H�Q�M�H�� 
 
Kontakt: 
Hach Lange d.o.o. 
Ivana Severa 20 
�������������9�D�U�D�å�G�L�Q 
 
Tel: 042 305 086 
Email: info-hr@hach.com  
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�7�U�J�R�Y�D�þ�N�R�� �G�U�X�ã�W�Y�R�� �,�]�Y�R�U���± �L�Q�J�� �G���R���R���� �R�V�Q�R�Y�D�Q�R�� �M�H�� ������������ �J���� �]�D�� �J�U�D�ÿ�H�Q�M�H���� �Q�D�G�]�R�U�� �L�� �S�U�R�M�H�N�W�L�U�D�Q�M�H����
�1�D�M�]�Q�D�þ�D�M�Q�L�M�D���S�R�G�U�X�þ�M�D���G�M�H�O�D�W�Q�R�V�W�L���V�X�� 
1. Projektiranje - �K�L�G�U�R�W�H�K�Q�L�þ�N�H�� �J�U�D�ÿ�H�Y�L�Q�H���� �S�O�R�Y�Q�L�� �S�X�W�H�Y�L���� �Y�R�G�R�Y�R�G�� �L�� �N�D�Q�D�O�L�]�D�F�L�M�D���� �L�Q�å�H�Q�M�H�U�V�N�H��

�J�U�D�ÿ�H�Y�L�Q�H�����W�U�J�R�Y�D�þ�N�L���F�H�Q�W�U�L�����Wvornice, poljoprivredni objekti 
2. �1�D�G�]�R�U���Q�D�G���L�]�Y�R�ÿ�H�Q�M�H�P���V�Y�L�K���Y�U�V�W�D���U�D�G�R�Y�D 
3. �9�R�ÿ�H�Q�M�H���S�U�R�M�H�N�D�W�D���± sufinanciranih iz EU fondova 
 

IZVOR �± ING d.o.o. 
J. J. Strossmayera 5 
31550 Valpovo 
OIB: 10991393848 
Tel.: 099/3434400; Fax: 031/333-538 
e-mail: izvor.ing@gmail.com 
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�Ä�ý�L�S�N�D radova koji su prikazani u ovom Zborniku jasno nam usmjerava put kojim znanstvena javnost u 
ovim bremenitim vremenima �W�U�D�å�L i nalazi odgovore na izazove �R�N�R�O�L�ã�Q�H problematike, poljoprivrednih i 
vodenih resursa, �R�G�U�å�L�Y�R�J razvoja, gospodarenja otpadom�« Multidisciplinarni pristup �S�U�R�Y�O�D�þ�L se kao 
jedina �P�R�J�X�ü�D vodilja u �R�þ�X�Y�D�Q�M�X zdravlja �Q�D�ã�H Plave planete.�³ 

�G�R�F�����G�U�����V�F�����7�R�P�L�V�O�D�Y���%�R�J�G�D�Q�R�Y�L�ü 
 
"The lace of the papers presented in this Proceedings clearly directs the way in which the scientific public 
in these difficult times seeks and finds answers to the challenges of environmental issues, agricultural and 
water resources, sustainable development, waste management�«A multidisciplinary approach is the only 
possible guide in preserving the health of our Blue Planet.�³ 

�7�R�P�L�V�O�D�Y���%�R�J�G�D�Q�R�Y�L�ü�����3�K�'�����D�V�V�L�V�W�D�Q�W���S�U�R�I�H�V�V�R�U 
 
 
 
 
�Ä�3�U�L�N�D�]�D�Q�L �ã�L�U�R�N�L raspon tema u ovom Zborniku bio je �P�R�J�X�ü samo interdisciplinarnim pristupom 
odnosno �X�N�O�M�X�þ�L�Y�D�Q�M�H�P u ovu problematiku znanstvenika i �V�W�U�X�þ�Q�M�D�N�D iz brojnih �S�R�G�U�X�þ�M�D znanosti: 
prirodnih, �W�H�K�Q�L�þ�N�L�K�� �E�L�R�W�H�K�Q�L�þ�N�L�K i biomedicinskih te �G�U�X�ã�W�Y�H�Q�L�K znanosti, �ã�W�R je i osigurala �R�G�U�å�D�Q�D 8. 
�P�H�ÿ�X�Q�D�U�R�G�Q�D konferencija VODA ZA SVE.�³ 

�S�U�R�I�����G�U�����V�F�����0�L�U�M�D�Q�D���ý�X�U�O�L�Q 
 
�³�7�K�H wide range of topics presented in this Proceedings was possible only through an interdisciplinary 
approach, ie the involvement of scientists and experts from many fields of science: natural, technical, 
biotechnical and biomedical and social sciences, which was provided by the 8th International Conference 
WATER FOR ALL.�³ 

�0�L�U�M�D�Q�D���ý�X�U�O�L�Q�����3�K�'�����I�X�O�O���S�U�R�I�H�V�V�R�U 
 
 
 
 
�³�9�H�O�L�N�X �Y�D�å�Q�R�V�W u poimanju vrijednosti vode ima edukacija, da bi svi shvatili da voda nije neiscrpni izvor, 
�Y�H�ü da trebamo vrlo savjesno �å�L�Y�M�H�W�L s njom. U tom svjetlu, Zbornik radova �S�U�X�å�D vrlo kvalitetne radove u 
domeni �W�H�K�Q�R�O�R�ã�N�R�J �S�U�R�þ�L�ã�ü�D�Y�D�Q�M�D vode, obrane od poplava, mjerenja, �N�D�N�Y�R�ü�L vode, geotermalnih voda, 
primjena u navodnjavanju, sponu vode-hrane-energije-zdravlja.�  ́

�S�U�R�I�����G�U�����V�F�����-�D�V�Q�D���â�R�ã�W�D�U�L�ü 
 
"Education is of great importance in understanding the value of water, so that everyone understands that 
water is not an inexhaustible source, but that we need to live with it very conscientiously. In this light, the 
Proceedings of papers provides high-quality works in the field of technological water purification, flood 
protection, measurement, water quality, geothermal water, application in irrigation, water-food-energy-
health connection.�´  

�-�D�V�Q�D���â�R�ã�W�D�U�L�ü�����3�K�'�����I�X�O�O���S�U�R�I�H�V�V�R�U 
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